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PREFACE. 



The constant progress made in every department of 
physical science, is a sufficient apology for the prepara- 
tion and publication of a new elementary text-book on 
Natural Philosophy. 

The principles of physical science are so intimately 
connected with the arts and occupations of every-day 
life, with our very existence and continuance as sentient 
beings, that public opinion, at the present time, impera- 
tively demands that the course of instruction on this 
subject should be as full, thorough, and complete as 
opportunity and time will permit. With this view, the 
author has endeavored to render the work, in all its 
arrangements and details, eminently practical, and, at 
the same time, interesting to the student. The illustra- 
tions and examples have been multiplied to a greater 
extent than is usual in works of like character, and have 
been derived, in most cases, from familiar and common 
objects. 

Great care has been also taken to render the work com-* 
plete and accurate, and in full accordance with the latest 
results ^f scientific discovery and research. 

In the arrangement of the subjects treated of, and in 
the incorporation of questions with the text, the most ap- 
proved methods, it is believed, have been followed. The 
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teacher will also observe that the principles and import- 
ant propositions are presented in large and prominent 
type, and the observations and illustrations in smaller 
letters. The advantage of this to the learner is most 
evident. 

Heat, which is often considered as belonging more 
especially to chemistry, has been discussed at length, and 
the familiar application of its principles in the industrial 
arts, in warming and ventilation, in the production of 
dew, etc., carefully explained. A full and complete 
outline of the subject of Meteorology has also been 
given. On the other hand. Astronomy, which is often 
included in text-books on Natural Philosophy, has been 
omitted, as rightfully and properly forming the subject 
of a separate treatise. 

An elementary work on physical science can have little 
claim to originality, except in the arrangement and classi- 
fication of subjects, and the selection of illustrations. In 
this respect the author makes no pretensions, and ac- 
knowledges his indebtedness to the very superior French 
treatises of Ganot, Delaunay, Archarabault, and to the 
writings of Miiller, Amott, Lardner, Brewster, and others. 

The engravings in the present volume are of a superior 
character, and have been prepared, in part^ from new and 
original designs. 

msw York, August, 1857. 
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What is Nat- 1- NATURAL PHILOSOPHY, Or PhYSICS, 18 that 

"h*?^"*^"' department of science which treats of all those 
phenomena observed in masses of matter, in 
which there is a sensible change of place. 

2. Chemistry, on the contrary, treats of all 
S^irt* ? those phenomena observed to take place in 

minute particles, or portions of matter, in which 
there is a change in the character and composition of the 
matter itself, and not merely a change of place. 

3. A falling body, the motion of our limbs 
^'L*"f the ^^ ^^ machinery, the flow of liquids, the occur- 
&atur3^°pM^ rence of sound, the changes occasioned by the 
Jowphy? action of heat, light, and electricity, are all ex- 
amples of phenomena which come under the 

consideration of Natural Philosophy. 

Strictly speaking, we have no right, in Natural Philosophy, to conceive or 
imagine any thing, for the truths of all its laws and principles may be proved 
by direct observation, — that is, by the use of our senses. When we conceive, 
reason, or imagine concerning the properties of matter, we have in reality 
passed beyond thp limits of i^atural Philosophy, and entered upon the applica- 
tion of the laws of mind or of mathematics to the principles of Natural Philos- 
ophy. Practically, however, no such division of the subject is ever made. 

The truths and operations of Chemistry, in contradistinction to the truths 
«nd operations of Natural Philosophy, can not all be proved and made evident 
by direct observation. Thus, when we unite two pieces of machinery, as two 
wheels, or when we lift a weight with our hanrls, or move a heavy body by a 
lever, we are enabled to see exactlv how the dififerent substances come in 

1* 
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contact, how they press upon one another, and how the power is transmitted 
from one point to another : these are experiments in Natural Philosophy, in 
which every part of the operation is clear to our senses. But when we mix 
alcohol and water together, or burn a piece of coal in a fire, we see merely 
the result of these processes, and our senses give us no direct information of 
the manner in which one particle of alcohol acts upon another particle of 
water, or how the oxygen of the air acts upon the coal. These are experi- 
ments in Chemistry, in which we can not perceive every part of tho operation 
by means of our senses, but only the results. Had there been but one kind 
of substance or matter in tho universe, the laws of Natural Philosophy would 
Jiave explained all the phenomena or changes which could possibly take 
place ; and as the character, or composition of this one substance, could not be 
changed by the action of any different substance upon it, there could be no 
such department of knowledge as Chemistry. 

4. The term Physics is often used instead 
bj^the TS ^^ ^^^ t^rm Natural Philosophy, both having 
Physics? lY^Q game general meaning and signification. 

It is also customary to speak of " Physical 
Laws/' " Physical Phenomena," and ^' Physical Theories," 
instead of saying the laws, phenomena, and theories of 
Natural Philosophy. 

5. A Physical Law is the constant relation 
Physical Laws which cxists bctwecn any phenomenon and its 

and Theories? a -rt m • 'j^' 

cause. A Physical Theory is an exposition 
of all the laws which relate to a particular class of 
phenomena. 

Thus, when we speak of the " theory" of heat, ov of electricity, we have 
reference to a general consideration of the whole subject of heat, or light, or 
electricity; but when we use tho expression a "law*' of heat, of light, or of 
electricity, we have reference to a particular department of tvw whole subject. 



CHAPTER I. 

MATTER, AND ITS GENERAL PROPERTIEa 

1. Matter is the general name which has 
^'^^^tei'?^**" been given to that substance which, under an 
infinite variety of forms, affects our senses. 
We apply the term matter to every thing that occupies 
space, or that has length, breadth, and thickness. 
How do we ^* ^^ ^® ^^^y through the agency of our five 
Sn^^iT s^^ses (hearing, seeing, smelling, tasting, and 
feeling), that we are enabled to know that any 
matter exists. A person deprived of aU sensation, could 
not be conscious that he had any material existence. 
What Is a 3. A BODY is any distinct portion of matter 

^>o^y' existing in space. 
What are the ^' ^^^ propcrtics, or the qualities of matter, 
matter?^ **' ^^^ *^® powcrs belonging to it, which are capa- 
ble of exciting in our mind certain sensations. 

It is only through the different sensations which different substances ex- 
cite in our minds, or, in other words, it is by means of their different 
properties, that we are enabled to distinguish one form or variety of matter 
from another. 

The forms and combinations of matter seen in the animal, vegetable, and 
mineral kingdoms of nature, are numberless, yet they are all composed of 
a very few simple substances or elements. 

whatiaarim- ^' ^J * simplc substaucc wc mean one 
^rabstancer which has never been derived from, or sepa- 
rated into any other kind of matter. 

Gold, silver, iron, oxygen, and hydrogen, are examples of simple sub- 
stances or elements, because we are unable to decompose them, convert 
them into, or create them from, other bodies. 

What Is the ^' ^^^ uumber of the elements or simple 
^ntoMrfthe substances with which we are at present ac- 
quainted^ is sixty-two. 
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7. These substances are not all equally 
^^^ted?^'*' distributed over the surface of tlie earth : 

most of them are exceedingly rare, and only 
known to chemists. Some ten or twelve only make up 
the great bulk or mass of all the objects we see around 
us. 

AU the different forms and varieties of matter are in some respects alike 
— ^that is, they all possess certain general properties. Some of these prop-' 
erties are essential to the very existence of a body; others are non- 
essential, or a body may exist without them. Thus it is essential to the 
existence of a body that it should occupy a certain amount of space, and 
that no other body should occupy the same space at the same time ; but it is 
not necessary for its existence that it should possess color, hardness, elas- 
ticity, malleability, and the like non-essential properties. 

8. The following are the most important of 
most* import- the general properties of matter — Magnitude 
S^nSSSrV*®' or Extension, Impenetrability, Divisibil- 
ity, Porosity, Inertia, Attraction, and In- 
destructibility. 

9. By Magnitude we mean the property 
^''^^tid^*^" of occupying space. We can not conceive that 

a portion of matter should exist so minute as 
to have no magnitude, or, in other words, to occupy no 
space. 

The SURFACES of a body are the external limits of its magnitude ; the 
SIZE of a body is the quantity of space it occupies ; the area of a body 
is its quantity, or extent of surface. 

The FIGURE of a body is its form or shape, as expressed by its bound- 
aries or terminating extremities. The volume of a body is the quantity of 
space included within its external surfaces. The figure and volume of a 
body are entirely independent of each other. Bodies havmg very different 
figures may have the same volume, or bodies of the same figure may have 
very different volumes. Thus a globe may have ten times the volume 
of another globe and yet have the same figure, or a globe and a cylinder 
may have the same volume, that ia, may contain the same amount of matter 
within their surfaces, but possess very different figures. 

10. By Impenetrability we mean that 
J^eteabiihy? Property or quality of matter, which renders it 

impossible for two separate bodies to occupy 
the same space at the same time. 



MATTJSBf AND ITS GENEBAL PROPERTIES. 13 

There are manj instances of apparent penetration of matter, but in all of 
them the particles of the body which seem to be penetrated are merely 
displaced. When a nail is driven into a piece of wood^ the particles oi 
wood are not penetrated, but merely displaced. If a needle be plunged into 
a vessel of water, all the water which previously filled the space into which 
it entered, will be displaced, and the level of the water in the vessel will rise 
to the same height as it would have done, had wo added a quantity of water 
equal in volume to the bulk of the needle. When wo walk through the at- 
mosphere, we do not penetrate into any of the particles of which the air is 
oomposed, but we merely push them aside, or displace them. If we plunge 
•n inverted tumbler into a vessel of water, the air contained in it will pre- 
vent the water from rising in the glass — and notwithstanding the amount of 
pressure we may exert upon the tumbler, it cannot be filled with water until 
the air is removed from it. 

11. By Divisibility we mean that property 
^''^bmty?*' which matter possesses of being divided, or 

separated into parts. 

It has nntil quite recently been taught that matter was infinitely divisible; 
that is, a body could be separated into smaller and still smaller particles 
without limit So far as our senses inform us, this is true. So long as we 
can perceive the existence of a portion of matter by our sense of sight, of 
feeling, of taste, or of smell, so long we can continue to divide it. Beyond 
this our senses give us no information. But the recent discoveries and inves- 
tigations in chemistry, have proved beyond a doubt, that all bodies are ulti- 
mately composed of exceedingly minute particles, which can not be subdi- 
vided. 

12. To such an ultimate portion of matter 
^toi?? *° ^^ ^^ ^^ longer separable into parts, we apply 

the term Atom. 

The extent to which matter can be divided and yet perceived 

^h^* *** tte ^^ ^'^^ senses is most wonderful. 

can be divid- A grain of musk has been kept freely exposed to the air of 
**• a room, of which the door and windows were constantly kept 

open, for a period of two years, during all which time the air, 
though constantly changed, was densely impregnated with the odor of musk, 
and yet at the. end of that time the particle was found not to have greatly 
diminished in weight. During all this period, every particle' of the atmos- 
phere which produced the sense of odor must have contained a certain quan- 
tity of musk. 
. In the manufacture of silver-gilt wire, used for embroidery, the amount of 
gold employed to cover a foot of wire does not exceed the 720,000th part of 
an ounce. The manufacturers know this to be a fact, and regulate the price 
of their wire accordingly. But if the gold which covers one foot is the 
I20,6o0th part of an t>unoe, the gold on an inch of the samft inT^-wOW^ w^ 
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the 8,640,000th part of an ounce. We may divide this inch into one hundred 
pieces, and yet see each piece distinctly without the aid of a microscope : in 
other words, we see the 864,000,000th part of an ounce. If we now use a 
microscope, magnifying five hundred times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, each of which parts will be found 
to have all the characters and qualities which are found in the largest masse* 
of gold. 

Some years since, a distinguished English chemist made a series of experi- 
ments to determine how small a quantity of matter could be rendered visible 
to the eye, and by selecting a peculiar chemical compound, small portions of 
which were easily discernible, he came to the conclusion that he could dis- 
tinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision of mat- 
tar, let us consider what a billion is. We may say a billion is a million of 
millions, and represent it thus, 1,000,000,000,000 ; but the mind is incapable 
of conceiving any such number. If a person were to count at the rate of 200 
in a minute, and work without intermission twelve hours in a day, he would 
take, to count a billion, 6,944,944 days, or more than 19,000 years. But this 
may be nothing to the division of matter. Ther3 are Hving creatures so mi- 
nute, that a hundred millions of them may be comprehended in the space of 
a cubic inch. But these creatures, until they are lost to the sense of sight, 
aided by the most powerful instruments, are seen to possess arrangements 
fitted for collecting their food, and even capturing their prey. They are there- 
fore supplied with organs, and these organs must consist of parts correspond- 
ing to those in larger animals, which in turn must consist of atoms, or little 
particles, if we please so to term them. In reckoning the size of such atoms, 
we must not speak of biUions, but of billions of billions. Such a number can 
be represented thus, 1,000,000,000,000,000,000,000,000, but the mind can 
form no rational conception of it* 

13. We use the term Molecules, or Par- 
^^**o7partt" TiCLBS of matter to designate very small quan- 
cies of Matter? ^j^j^g ^f ^ substance, Dot meaning, however, tho 

ultimate atoms. A molecule, or particle of matter may 
be supposed to be formed of several atoms united to- 
gether. 

14. No two atoms of matter are supposed to 
touch, or be in actual contact with each other, 

and the openings or spaces which exist between them are 
called Pores. This property of bodies, according to which 
their atoms are thus separated by vacant places^ 
what^i^poroB. ^^ ^^,j Porosity. 

'• The billion U here used aceordiog to the EngUeh noUtlon — Fia« ITeMtr. 
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Tto. 1. If ve BuppoBS tho atomi of matter to condst c^ 

minute spberea or globes, it is obvioua tbat it will be 
ImposBible fbr them to come into perfect contact at 
all points: bo tliat tliere must l>o Biuall i^ces be- 
tween them, where ibey do not touch each other. 
Fig. I represeola tiic maimer in ichicb we may im- 
^no a collection of such atomi) to bo arranged to 
fbrm a crystal. 

15- The reasons for believing that the 
atoms or particles of matter Jo uot ac- 
tually touch each other, are, that every 
form of matter, so far as we are ac- 
quainted with it, can by pressure he 
wh«t Is the m'l'Je to occupy a smaller space than it origin- 
Sie'^^SSei™ *l^y fillpii- Therefore, as no two particles of 
^^ttarf" inatter can occupy the same space at the same 
time, the apace, by which the size or volume of 
a body may be diminished by preesure, must, before such 
diminution took place, have been fiUed with openings, or 
pores. Again, all bodies expand or contract under the 
influence of heat and cold. Now, if the atoms were in ab- 
solute contact with each other, no such movements could 
taiie place. 

The poroai^f of bodies is Bometimcs illustrated and e.tpiained 
Wlui !■ gen. hy reference to a sponge, which allows tho cavities whicli per- 
br £s'°term vbAb it to be filled with water, or sonto otber fluid. Such an 
fore* ' illustration is not strictly correct Tlie cavities of a sponge are 

not really its porea, any more than the cells of a honey-comb 
an the pores of wax. In common speech, however, the term pore is often 
used to designate those openings which exist naturally in tbe substance of a 
body, which are sufficiently large to admit of tho passage of fluids like water, 
and gases like air. 

Several very important properties of matter arc dependent on porosity; or, 
to other words, tbey owe their existence to the fact, that tho particles of mat- 
ter do not actually touch each other. Tho principal of tlicse are Densitt, 
CoMPRBSSiBiLiTT, and E^iKSiBiLiTir. These properties of matter belong to 
«U bodies, but not to all alike. 

16. By Density we mean the proportion 
which exists between the quantity of matter 
contained in a body and its magnitude, or size. 
Thus, if of two BubstanceB, one containa iviz/e. «» ti^cfXt. 
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matter in a given space as the other, it is said to be twice 
as dense. 

There is a direct connection between the density of a body and its poroaty. 
A body will be more or less dense, according as its particles are arranged 
closely together, or are separated from each other ; and henoe it la dear, that 
the greater the density the less the porosity, and the greater the porosity the 
less the density. 

17. If the particles of a body do not touch each other, then, if it is subjected 
to pressure, they may bo forced nearer, and made to occupy less space. 

This we find to bo the fact. All matter may be compressed. The most 
solid stone, when loaded with a considerable weight, is found tQ be com- 
pressed. The foundations of buildings, and the colunms which sustain great 
weights in architecture, are proofe of this. Metals, by pressure and hanuner- 
ing, are made more compact and dense. Air, and all gases, are susceptible of 
great compression. Water, and all liquids, are much less easily compressed 
than either solid or gaseous bodies. 

18. By Compressibility, therefore, we mean 
^r^biS?^" that property of matter in virtue of which a 

body allows its volume or size to be diminished, 
without diminishing the number of the atoms or particles 
of which it is composed. 

19. Again, if the particles of matter of which 
JISSbmtyT ^ body is composed do not touch each other, it is 

clear that they may be forced further apart. 
This we find to be the case with all matter. Expansibility 
is, therefore, that property of matter in virtue of which a 
body allows its volume or size to be increased, without in- 
creasing the number of the atoms or particles of which it 
is composed. 

All bodies, when submitted to the action. of heat, expand, and 
Illustrations occupy a larger space than before. To this increase in dimen- 
bility^^* " sions there is no limit. Water, when sufl&ciently Jieated, passes 
into steam, and the hotter the steam the greater the space it 
will occupy. All bodies, if subjected to a sufficient degree of heat, will padr 
from the state of solids or liquids, into the state of vapor, or gases. 

20. Inertia signifies the total absence in a 
^^rtia? ^"" ^odj of all power to change its state. If a 

body is at rest, it can not of itself commence 
moving ; and if a body be in motion, it can not of it- 
self stop, or come to rest. The motion, or cessation of 
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motion in a body, requires a power to exist independent 
of itself. 

It is obvious, from the definition given, that when a body is once put in 
motion, its inertia will cause it to continue to move until its movement is de- 
stroyed, or stopped', by some other force. 

A ball fired from a cannon would move on forever, were it not for the re- 
sistance or friction of the air, and the attraction of the earth. 

21. By Friction, we mean the resistance 
^^^tionf^*^ which a moving body meets with from the 

surface on which it moves. 

A marble rolled upon a carpet will move but a short distance, on account 
of the roughness and unevenness of the surface. Its motion would be con- 
tinued much Ipnger on a flat pavement and longer still on fine, smooth ice. 
If friction, the attraction of the earth, and the resistance of the air, were en- 
tirely removed, the marble would move on forever. 

Owing to the property of inertia, or the indifference of mat- 
Wbatare Ex- ter to change its state, we find it difficult, in running, to stop 
^^y* on- all at once. The body tends to go on, even afler we have ex- 
ert-ed the force of our muscles to stop. Wo take advantage of 
this property, by running a short distance when we wish to leap over a ditch 
or chasm, in order that the tendency to move on, which we acquire by run- 
ning, may help us in the jump. Por the same reason, a running-leap is al- 
ways longer than a standing one. 

Many of the most frightful railroad accidents which have happened, are due 
to the laws of inertia. The locomotive, moving rapidly, is suddenly checked 
by an obstruction, collision, or breakage of machinery ; but the train of cars, 
in virtue of the velocity previously acquired, continue to move, and in conse- 
quence are driven into, or piled upon each other. 

For the same reasons the wheel of an engine continues to pursue its course 
for a time after the driving force has stopped. This property is taken advan- 
tage ci to regulate the motions of machinery. A large, heavy wheel is used 
in connection with the machinery, called a fly-wheel. This heavy wheel, 
when once set in motion, revolves with great force, and its inertia causes it 
to move after the force which has been imparted to it has ceased to act. A 
water-wheel or a steam-engine rarely moves perfectly uniformly, but as it ig- 
not easy, on the instant, either to check or increase the movement of the 
heavy wheel, its motion is steady, and causes the machinery to which it is 
attached to work smoothly and without jerking, even if the action of the driv- 
ing foroe be less at one moment than at another. 

22. Attraction is that tendency which all 
^^Jjl^^*" the particles of matter in the universe have to 

approach to each other.* 

* As Attraction, in its virions forms and relations to matter, is so comprehensiye and 
^ Important, it is treated separateljr in advance. 
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The force which hol49 the particles of a stone, a piece of 
What are Ex- wood, or metal together, the falling of a body to the earth, the 
traction? tendency which a piece of iron or steel has to adhere to a mag- 

net, arc all familiar examples of the different forms oi attraction. 

23. AH the researches and investigations of 
dwtlS^bieV TOodern science teach us, that it is impossi- 
ble for any finite agent to either create or de- 
stroy a single particle of matter. The power to create 
end destroy matter belongs to the Deity alone. The 
quantity of matter which exists, in and upon the earth has 
never been diminished by the annihilation of a single 
atom. 

When a body is consumed by fire, there is no destruction of matter : it 
has only changed its form and position. When an animal or vegetable dies 
and decays, the original form vanishes, but the particles of matter, of which it 
was once composed, have merely passed off to form new bodies and enter into 
new combinations. 



PRACTICAL QUESTIONS ON THE PROPERTIES OF MATTER. 

1. Why will water, or any other liquid, when poured into a tunnel closely inserted into 
the mouth of a bottle, run over the sides of the bottle ? 

Because the bottle is filled with air, which, having no means of escape, 
prevents the water from entering, since no two bodies can occupy the same 
space at the same time, li, however, the tunnel be lifted from the bottle a 
little, so as to afford the air an opportunity to escape, the water will then 
flow into the bottle in an uninterrupted stream. 

2. Are the pores of a body entirely empty, vacant spaces? 

The pores of a body are often filled with another substance of a different 
nature. Thus, if the pores of a body be greater than the atoms of air, such a 
body being surrounded by the atmosphere, the air will enter and fill its pores. 

3. "When a sponge is placed in water, that liquid appears to penetrate it Does the water 
really enter the solid particles of the sponge y 

' It does not; it only enters the poreSf or vacant spaces between the par- 
ticles. 

' 4. When we plunge the hand into a mass of sand, do we ■pkbtetrate the sand f 
We do not ; we only displace the particles. 

5. Why do bubbles bisk to the surface when a piece of sugar, wood, or chalk is plunged 
under water ? 

Because tho air previously existing in the pores becomes displaced by the 
water, and rises to the surface as bubbles. 

6. What occasions the snapping of wood or coal when laid upon the fire? 
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Because the air or liquid contained in the pores becomes expanded by heat^ 
and bursts the covering in which it is confined. 

7. Why does light, pobous wood, like chestnat or pine, make more mapping in burn- 
ing fhan any oxhsb kind ? 

Because the pores are very large, and contain more air than wood of a closer 
grain, like oak, etc 

8. How is water, or any other liquid, made fdbb by filtering through paper, doth, a 
^^er of sand, rock, etc. ? 

The process of filtration depends on the presence of pores in the substance 
ised as a filter, of such magnitude as to allow the particles of liquid to pass 
fieely, but not the particles of the matter contained in it, which we wish to 
separate. 

9. Why is not the rabetance suitable for the filtration of oxx liquid equally adapted for 
the filtration of ai.x. liquids ? 

Because the magnitude of the pores in difierent substances and of the im- 
purities in liquids is difierent ; and no substance can be separated from a 
liquid bj filtration, except one whose particles are larger than those of the 
liquid. 

10. Gold and lead are metals of great density ; their pores are not risible. Is there any 
FBOor of their existence beside the fact that they can be compressed ? 

Water can be forced mechanically through a plate of lead or gold without 
rapturing any portion of the metaL Mercury, or quicksilver, confined in a 
dish of lead or gold, will soak through the pores, and escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two centu- 
ries ago, whidh furnished a striking illustration of the porosity of so dense a 
substance as gold. A hollow ball of this metal was filled with water, and the 
aperture exactly and firmly closed. The globe was then submitted to a very 
severe pressure, by which its figure was slightly changed. Now, it is proved 
in geometry, that a globe has this pectiliar property — that any change what- 
ever in its figure necessarily diminishes its volume, or capacity. The result 
was^ that the water oozed through the pores, and covered the surface of the 
gk>be, presenting the appearance of dew, or steam cooled by the metal This 
experiment also proved that the pores of the gold are larger than the element- 
ary particles of water, since the latter are capable of passing through them. 

11. When a oassiagb is in motion, drawn by nossES, why is the same exertion of power 
in aba horses required to stop rr, as would be necessary to back it, if it were at rest ? 

Because, according to the laws of inertia, the force required to destroy mo- 
tion in one direction is eqtud to that required to produce as miu:h motion in the 
opposite direction. 

12. If a carriage, railroad-car, or boat, moving with speed, be suddenly stopped or bk- 
TASDKD, from any cause, why are the passengers, or the baggage carried, precipitated 
ftnm their places in the disbotion of the motion ? 

Because, by reason of their inertia^ they persevere in the motion which they 
shared in common with the body that transported them, and are not deprived 
cf that motion by the same cause. 
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13. Why will a PKBBONf leaping from a carriage in rapid motioii, fall in the tifrwiiofi in 
which the carriage is moving at the moment his feet meet the ground ? 

Because his entire body^ on quitting the vehicle and descending to the 
ground, retains, by its inertia, the progressive motion which it has in common 
with it When his feet reach the ground, they, and they alone, will be sud- 
denly deprived of this progressive motion, by the resistance of the earth, but 
the remainder of his body will retain it, and he will &11 as if he were tripped. 

14. Why is a man standing carelessly in th» stebk of a boat liable to ftU into the watkr 
behind, when the boat begins to move ? 

Because his feet are pulled forward while the inertia of his body keeps it % 
the same position, and, therefore, behind its support. For a similar reasod, 
when the ooat stops, the man is liable to fall forward, 

16. When the sails of a ship are first spread to receive the roBOB or impulbk of the wind* 
why does not the vessel acquire her full speed at once ? 

Because it requires a little time for the impelling force to overcome the in- 
ertia of the mass ol tne ship, or its disposition to remain at rest 

16. Why, when the sails are taken in, does the vessel continue to move for a considerabte 
time? 

Because the inertia of the mass is opposed to a change of state, and theves- 
■el will continue to move until the resistance of the water overcomes the op- 
position. 

17. Why do we kick against the door-post to shake the snow or dust firom our SHOEst 
The forward motion of the foot is arrested by the impact against the post; 

but this is not the case with respect to the particles of dust or snow whidi 
are not attached to the foot, and are free to move. According to the laws 
of inertia, they tend to persevere in the direction of the original motion, and 
when the foot stops, they move on, or fly off. 

18. Why do we beat a coat or carpet to bxfel the dust? 

The cause which arrests the motion imparted to the coat or carpet by the 
blow does not arrest the particles of dust and their motion being continued, 
they fly off 



CHAPTER II. 

FOBCB. 

, 23. Matter is constaatly changing its form 

£^^f^^ and place. The most solid substance will in 
**' time wear away. The air about us is never per- 

fectly stilL We see water sometimes as ice, sometimes as 
a liquid, sometimes as a vapor, in steam or clouds. The 
earth moves sixty-eight thousand miles every hour. An 
animal or vegetable dies, decays, and its form vanishes 
from our sight. 

„ ^ , 24. As the cause of all the changes observed 

To what cauM i i • • i 

^w««ttribnte to take placc m the material world, we admit 

hw dianges OD« '*' , 

■erred In mat- the existcuce of Certain forces, or agents, which 

govern and control all matter. 
What is 25. FoBOE is whatever produces, or opposes 

motion in matter. 
What ia Ho. 26. MOBILITY, or the susceptibility of mo- 
**^' tion, is that property whereby a body admits 
of change of place. 

What are the ^' -^ *^® great forccs. Or Bgcuts in nature, 
p^OTeeain thosc which producc, or are the cause of all the 
changes which take place in matter, may be 
enumerated as follows : Internal, or Molecular Forces, 
the Attraction of Gravitation, Heat, Light, the At- 
tractive and Kepulsive Forces of Magnetism and Elec- 
tricity, and, finally, a force or power which only exists 
in living animals and plants, which is called, Vital Force. 

Concerning the real nature of these forces, we are entirely 

Sm? *i? ih* ignoi'a'it We suppose, or say, they exist, because we see 

■atue of their effects upon matter. In the present state of science, it is 

neteforoM? impossible to know whether they are merely properties of 

matter, or whether they are forms of matter itself, existing in an 

vxoeedingly mfnute, subtile condition, without weight, and diffused through- 

, OQt the ifbole vniTena The general opinion, however, amon^ «ideifi^<& m«iv« 
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at the present daj, is, that these forces, or agents, are not matter, bat prop* 
erties, or qualities, of matter. 

We see a stone fail to the ground, and say that the cause of it is the at- 
traction of gravitation ; — we observe an object at a distance, and say that we 
see it through the action of light on the eye ; — we Notice a tree shattered by 
lightning, and say it is the effect of electricity ; — we observe an anknal or 
plant to grow and flourish, and ascribe this to the action of the vital force. 
But if it is asked. What is the original cause of gravitation, light, electricitrtj 
and vital force? — ^the wisest man can give no satisfactory answer. If tho 
Creator governs matter through the agency of instruments, these forces ma/ 
be called his agents, or his instruments. * 



CHAPTER III. 

*INTEBNAL« OR MOLECULAR FORCES. 
What is an 28. An INTERNAL, OF MOLECULAR FORCE, is 

tf ^SSL'' 011^. tl^a* acts upon the particles of matter only 
Force? ^t insensible distances. This variety of force 

differs from all others in this respect. 
What is At- 29. The various changes which matter un- 
B^^oaT* dergoes, render it certain that the atoms^ or 
particles of all bodies are acted upon by two 
distinct and opposite forces, one of which tends to draw 
the atoms, or particles, close together, while the other 
tends to separate them from one another. The first of 
these forces we call Attraction, the second Kepulsion, 
both acting at insensible distances. 

^, A blade of steel, or a thin piece of wood, when bent within 

ample of At- a certain limit, will, when the restraint is removed, restore it* 
wting°at ^ s®^*^ '^^ original form. This takes place through the agency- 
Insensible dis- of an internal force, attracting the particles together, and tend* 
ing to keep them in their original place. 

whatisEias- 30. ELASTICITY is that property of matter 
*^"*^^ which disposes it to resume its original form 
and shape, after having been bent or compressed by some 
external force. 

Elasticity, therefore, is not so much a distmct property of matter, as is 
usually stated, as it is a phenomenon of attractive and repulsive forces. 
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Do an i>odie9 -^ bodies poesess the property of elasticity, but in very 
possess eias- diflferent degrees. There are some in wliich the atoms, after 
^ bending, or displacement, almost perfectly resume their former 

position. Such bodies are especially termed elastic, as tempered steel. India- 
rubber, ivory, etc. Other bodies, like iron, lead, etc., are elastic in a limited 
degree, not being able to bear any great displacement of their atoms without 
breaking, or permanent disarrangement. Putty, moibt clay, and similar bodies, 
possess a very slight degree of elasticity. 

31. If we compress a certain quantity of gas, as common 

amSo "of re- ^^' ^^^ ^^^ ^^^ ^* *° dilate, by removing all restraint, it 
pnlfiion acting will expand without limit, and fill every really empty space 
Ue^^BtaiuK. which is open to it This takes place through the agency of 
an internal force which tends to drive the particles from one 
another. There are many reasons which lead us to suppose that the repuls- 
ive force which tends to keep the particles of matter asunder is the agent 
known as heat. . Gases may be considered as perfectly elastic. 

, ^ ^ 32. According as the attractive or repulsive 

In \rhat three ^^ , ^ . ^ 

forms or con- forccs prevail, all bodies will assume one of 
»u matter e*^ihyee forms or conditions — the solid, the 
*' l^il^iD, or the aeriform,* or gaseous con- 
dition. 
What Is a 33. A SOLID body is one in which the par- 

^^^^ tides of matter are attracted so strongly to- 

gether, that the body maintains its form, or fijS^re, under 
all ordinary circumstances. 1* 

What is a 34. A LIQUID body is one in which the par- 

"**°^' tides of matter are so feebly attracted together, 

that they move upon each another with the greatest 
fiwjility. 

Hence a liquid can never be made to assume any. particular form, except 
that of the vessel in which it is inclosed. 

What is a 35. An AERIFORM, or GASEOUS body is one 

Gaaeoos in which the particles of matter are not held 

together by any force of attraction, but have a 
tendency to separate and move off from one another. 

A gaseous body is generally invisible, and, like the air sUr- 

propertieflofa rounding us, affords to the sense of touch no evidence of its 

5**®^°* existence when in a state of complete repose. Gaseous bodies 

may be confined in vessels, from whence they exclude liquidf\ 

* Aeriform, having the form, or resemblance, of air. 
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Under what 
circumstances 
will a body as- 
sume the form 
of a Solid, a 
Liquid, or a 
Gas? 



or other bodies, thus demonstrating their existence, though invisible^ and also 
their impenetrability. 

36. Most substances can be made to assnme 
successively the form of a solid, a liquid, or a 
gas. In solids, the attractive force is the 
strongest ; the particles keep their places, and 
the solid retains its form. But if we heat the 

solid to a sufficient degree, as, for example, a piece of iron, 
we gradually destroy the attractive force, and the repul- 
sive force increases ; the particles become movable, and we 
say the body melts, or becomes a liquid. In liquids, the 
attractive and repulsive forces are nearly balanced, but if 
we supply an additional quantity of heat, we destroy the 
attractive force altogether, and the liquid changes to a 
gas, in which the repulsive force prevails, and the particles 
tend to fly off from each other. By the withdrawal of 
heat (t. e., by the application of cold), we can diminish, or 
destroy the repulsive force, and allow the attractive, force 
to again predominate. 

Thus steam, when cooled, becomes a 
^^- 2. liquid, water; and this in turn, by the 

withdrawal of an additional amount of 
heat, becomes a solid, ice. 

The power of the repulsive force is strik- 
ingly illustrated by the conversion of water 
into steam. In a cubic inch of water con- 
verted into steam, the particles will repel 
each other to such an extent, that the space 
occupied by the steam will be 1700 times 
greater than that occupied by the water. 
Fig. 2 illustrates the comparative difference 
between the bulk of steam and the bulk of 
water. 

37. The term Fluid is applied to those 
bodies whose particles move easily among 

themselves. It is used to designate either liquids or 

gases. 

What are the ^^- ^® distinguish FOUR kinds of molecular 

Mofe^ikl-'At^ attraction, or attraction acting upon the par- 

traotionf ticlcs of bodics at insensible distances. These 




What are 
Fluids? 
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are, Cohesion, Adhesion, Capillary Attraction, and 

Affinity. 

_^ . ^ 39. Cohesion, or Cohesive Attraction, is 

¥nuit is Co- , ' , ' 

hedreAttrac- that foFce wliich biiids together atoms of the 
same kind to form one uniform mass. 

The force which holds together the atoms of a mass of iron, wood, or stone, 
is cohesion, and the atgms are said to cohere to each other. 

muLt te Ad- 40. Adhesion is that form of attraction 
'****°' which exists between unlike atoms, or particles 
of matter, when in contact with each other. 

Dust floating in the air sticks to the wall or ceiling, through the force of 
ftdhesion. When we wrife on a wall witli a piece of chalk, or charcoal, the 
particles, worn off (tom the material, stick to the wall and leave a mark, 
tlirough the force of adhesion. Two pieces of wood may be fastened together 
by means cif glue, in consequence of the adhesive attraction between the par- 
ticles of th9 wood and the particles of glue. 

41. Capillary Attraction is that form of 
riiiaryAttrao. attraction which exists between a liquid and 

the interior of a solid, which is tubular, or 
porous. 

When one end of a sponge, or a lump of sugar is brought into contact with 
water, the li()uid, by capillary attraction, will rise, or soak up above its level, 
into the interior of the sponge, or sugar, until all its pores are filled.* 

What is Af- 42. Affinity is that form of attraction which 
^°**^' unites atoms of unlike substances into com- 
pounds possessing new and distinct properties. 

Oxygen, for example, unites with iron, and forms iron-rust, a substance 
different from either oxygen or iron. The consideration of the attraction of 
AfElnity belongs wholly to Chemistry. 

How does the 43. The forcc, or strength of Cohesive At- 
SJTAtS^' traction varies greatly in different substances, 
uonyary? accordiug as the nature, form, and arrange- 
ment of the atoms of which they are composed vary. 

44. These modifications of the force of Al- 
lies of bodies traction, acting at insensible distances between 

depend on the , /. T* «» i • • i 

irwrution of thc atoms 01 diiierent substances, give rise to 

certain important properties in bodies, which 

are designated under the names of Malleability, Duc- 

* C^pmarj Attracbon U treated of more fully under the department of Hydrostatiea 
nd HydraiUloi. 
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TiLiTY, Pliability, Flexibility, Tenacity, Hardness, 
and Brittlenkss. 

These are not, as is often taught, distinct, independent properties of matter, 
like magnitude, porosity, inertia, etc., but modifications of the force of attraction. 

What is Mai-* 45 MALLEABILITY is that property in virtue 
leabiiity? ^£ which a substance can be reduced to the 

form of thin leaves, or plates, by hammering, or by means 
of the intense pressure of rollers. ^ 

. In malleable bodies, the atoms seem to cohere equally in whatever relative 
ntuations they happen to be, and therefore readily yield to force, and change 
their positions without fracture, almost like the atoms of a fluid. 

The property of malleability is possessed in the most eminent 

^^e^f"' ^®fiT®® ^7 *^® metals ; gold, silver, *ron, and copper being the 

MaUeaMlity? most m^eable. Gold may bo hammered to such a degree of 

thinness, as tp require 360,000 leaves to equal an inch in 

thickness. 

What iB Due 46. Ductility is that property in virtue 
^^^ of which a substance admits of being drawn 
into wire. 

We might suppose that ductility and malleability would belong to the same 
substances, and to the same degree, but they do not Tin and lead are 
highly malleable, and are capable of being reduced to extremely thin leaves, 
but they are not ductile, since they can not be drawn into fine wire. Some 
substances are both ductile and malleable in the highest degree. Gold has 
been drawn into wire so fine, that an ounce of it would extend fifty miles. 

What are 4'^* FLEXIBILITY and PLIABILITY aiC those 

Sdpuai^- properties which permit considerable motion 
**y^ of the particles of a body on each other, with- 

out breaking. 
What is Te- 48. TENACITY is that property in virtue of 

°*^*^' which a body resists separation of its parts, by 
extension in the direction of its length, 
^whatis 49. Hardness is a property in virtue of 

Hardneasf which the particlcs of a body resist impression, 
separation, or the action of any force which tends to change 
their form, or arrangement. 
When is a 50. A body, whosc particles can be removed, 

^^*" and changed in position, by a slight degree of 
force, is said to be soft. Softness is, therefore, the oppo- 
site of hardness. 
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The property- of Hardness is quite distinct from Density. Gold and lead 
possess great density, yet they are among the softest of metals. 

What is Brit- 61. Brittleness is a property in virtue of 
tteneBs? which bodics are easily broken into fragments. 
It is a characteristic of most hard substances. 

In a brittle body, the attractive force between the atoms exists within such 
Barrow limits, that a very slight change of position, or increase of distanco 
among them, is sufficient to overcome it, and the body breaks. 

52. The modifications of the force of cohesive attraction between the par- 
ades of matter, which give rise to the properties of malleability, ductility, 
flexibility, pliability, hardness, and brittleness, seem to be intimately con- 
nected with, or depend upon the particular form of the atoms of the sub- 
stance, and the particular manner in which they aro arranged. 

Every one knows that it is easier to split wood lengthwiso than across the 
fibers ; hence, the force which binds the particles of the wood together is ex- 
erted in a less degree in one direction than in the other. 
Explain how ^^ changing the form or arrangement of the atoms of a 
the force of substance, we -can in many instances apparently renew or de- 
pend! on the stroy the various modifications of the attractive force. The 
arrangement following is a familiar illustration of this principle : 

Steel, when heated and suddenly cooled, is rendered not 
only very hard, but very brittle ; but if heated and cooled gradually, it be- 
comes soft and flexible. We may suppose that when the atoms of steel aro 
expanded — forced apart from each other by the action of heat, and then sud- 
denly caused to contract — forced in upon each other — ^by cooling, that no op- 
portunity is afforded them for arrangement in a natural manner. But when 
the steel is cooled slowly, each atom has an opportunity to take the place best 
adapted for it, without interfering with its neighbor. According to one ar- 
rangement of the atoms, the steel is brittle, or tho atoms will not admit of 
any motion among themselves without breaking ; but according to a different 
arrangement, the attractive force is modified, and the steel is soft and flexible. 
In a similar manner, bricks stacked up irregularly, may be made to fall 
easily, but if piled in a regular manner, they retain their stability. 

It is a very singular circumstance, that the same operation of heating and cool- 
ing suddenly, which hardens steel, should soften copper. A piece of steel which 
has been hardened in this way is not condensed — made smaller — as wo might 
have supposed it would be, but is actually expanded, or made larger. This proves 
ihaX the arrangement of the atoms, or particles, has been changed. Any ouo 
may satisfy himself of this by taking a piece of steel, fitting it exactly into a 
goage, or between two fixed points, and then hardening it. It will then bo 
found that the steel will not go into the guage, or between tho fixed points. 

What is An- 63. Thc proccss of rendering metals, glass, 
"**^°^' etc., soft and flexible by heating and gradually- 
cooling, is called AnnealikG; and is of great importance 
in tho arts. 
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For example, the workman, iii fashioning and shaping a steel instrament, 
requires it to be soft and flexible ; but in using it after it has been constructed, 
'as for the cutting* of stone, wood, etc., it is necessary that it should be hard. 
This is accomplished by making the steel soft by annealing, and then render- 
ing it hard by heating and cooling quickly.* 

When will a 54. When we bend or compress a body so 
©JmpV^d,**' that its particles are separated beyond a certaia 
break? limited distance, the force of cohesive attrac- 

tion existing between them ceases to act, or is destroyed^ 
and the body falls apart, or breaks. 
» 55. When the Attraction of Cohesion between 

Can we '*- , . 

store the at- the uarticlcs of a substance is once destroyed, 

traction of CO- , ,* -n . .11 • -rr 

dSSSved?*" it IS generally impossible to restore it. Hav- 
ing once reduced a mass of wood or stone to 
powder, we can not make the minute particles cohere 
again by pushing them into their former position. 

In some instances, however, this can be accomplished by resorting to va- 
rious expedients. The particles of the metals may be made to again cohere 
by melting. Two pieces of perfectly smooth plate-glass, or marble, laid upon 
each other, unite together with such force, that it is impossible to separate 
them without breakage. In the manufiicture of looking-glass plates, this at- 
traction between two smooth surfeces is particularly guarded against. 

* There are many practical illustrations in the arts, of the principle, that the modifica- 
tfons of the attractive force which nnites the atoms of solid bodies together, are dependent 
in a great degree upon the forms, or arrangement of the atoms themselves. If we submit 
S piece of metal to repeated hamm'ering, or Jarring, the atoms, or particles of which it is 
oomposed, seem to take on a new arrangement, and the metal gradually loses all its te- 
nacity^ flexibility, malleability, and ductility, and becomes brittle. The coppersmith who 
forms vessels of brass and copper by the hammer alone, can work on them only for a short 
time before they require annealing ; otherwise they would crack and fly into pieces. 

For this reason, also, a cannon can only be fired a certain number of times before it 
will burst, and a cannon which has been long in use, although apparently sound, is always 
condemned and broken up. 

■ A more important illustration, and one that more closely affects our interests, is the 
liability of railroad car-axles and wheels to break from the same cause. A car-axle, after 
a long lapse of time and use, is almost certain to break. 

. That these phenomena are due to changes in the manner of the arrangement and the 
form of the particles, or atoms, of matter, was conclusively proved by an experiment made 
a few years since in France : — An accident having occurred upon a railroad, by the break- 
ing of an axle, by which many lives were lost, the attention of scientific men was colled 
to the fact, that the iron composing the axle, when first used, was strong, and capable of 
standing a test, but after use in locomotion for a certain period, could be broken by a 
force far inferior to that by which it had formerly been tested. Many suppositions w«re 
made to account for this phenomenon, when finally a person took a series of rods about the 
size of pipe-stems, all strong and tough, and, with great patience, allowed them to fall 
for hours and hours upon an anvil, thus producing rapid strokes and vibrations. After 
Mil^Mttng them for a long time to this treatment, he fonnd that th« rods ooold be snap- 
pod an I broken into fragments almost as easily as rotten wood. 
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wiiat to 56. Iron may be made to cohere to iron by 

Welding? heating the metal to a high degree, and ham- 
mering the two pieces together. The particles are thus 
driven into such intimate contact, that they cohere and 
form one uniform mass. This property is called Weld- 
ing, and only belongs to two metals, iron and platinum. 



PRACTICAL QUESTIONS ON THE INTERNAL, OR MOLECULAR 

FORCES. 

1. In irhat reelect does a gas mvTEB from a Hquld t 

A liquid, like water, milk, sjnrup, etc., can be made to flow regolarlj down 
a slope, or an inclined pUme, but a gas can not 

2. Why is a bar of laoar stronger than a bar of wood of the same size ? 

Because the cohesion existing between the particles of iron is greater than 
that existing between the particles of wood. 

3. Why are tho particles of a liquid more easily separated than those of a solid? 
Because the cohesive attraction wluch binds together the particles of a liquid 

is much less strong than that which binds togetlier the particles of a solid. 

4. Why will a small needle, oarelully laid upon the surface of water, float ? 
Because its weight is not sufficient to overcome the cohesion of the particles 

of water constituting the surface ; consequently, it can not pass through them 
and sink. 

-6. If 3roa drop water and laudanum fh>m the same vessel, why will sixtt drops of the 
water fill the same measure as oxb HmnwED drops of laudanum ? 

The cohesion between the particles of the Wo liquids is different, being 
gi^atest in the water. Consequently, the number of particles which will ad- 
here together to constitute a drop of water, is greater than in the drop of 
laudanum. 



6. Why is the prescription of medicine by drops an unsafe method ? 

Because, not only do drops of fluid from the same vessel, and often of tho. 
same fluid from different vessels, differ in size, but also drops of the same fluid, 
to the extent of a third, fit>m different parts of the lip of the same vessel 

^ 7. Why are eements and mortars used to fasten hricks and stone together? 

Because the adhesive attraction between the particles of brick and stone 
and the particles of mortar, is so strong, that they unite to form one solid 
massL 

8. How may the efficacy of a locomotive engine he said to depend upon the force of 
adhesion? 

If there were no adhesion, or even insufficient adhesion, between the tire 
of the driving-wheel of the locomotive, and tho rails upon which it presses, 
the wheel would turn without advancmg. 

This actually happens when the rails are greasy, or covered with. €K)ie^ v&si 
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ice. The contact is thus interrupted, and the adhesion between the rail aad 
wheel is impaired. 

9. When a liquid adheres to a solidf what term do we apply to designate the act of. 
adhesion t 

Wetting. It is necessary that a liquid should adhere to the surface of a solid 
before it can be wet Water falling upon an oiled surface does not wet it, 
because there is no adhesion between the particles of the oil and the particles 
of the water. 

10. Why are drops of nixL, of tears, and of dew npon the leaves of plants, geuersllT^ 
qdierical, or globular t 

The force of cohesion always tends to cause the particles of a liquid, when 
unsupported, or supported on a surface having little attraction for it, to as- 
sume the form of a sphere — a globe, or sphere, being the figure which will 
contain the greatest amount of matter within a given surface. 

This property of fluids is taken advantage of in the arts, in the manufacture 
of shot The melted lead is made to &11 in a shower, from a great elevation. 
In its descent the drops become globular, and before they reach the end of 
their &11 become hardened by cooling, and retain their form. 



CHAPTER IV. 

ATTRACTION OP GRAVITATION. 

57. The Attraction of Gravitation is. 
SStion** '^f that form of attraction, by which all bodies at 
Gravitation? gensiblc distanccB, tend to approach each other. 

Electricity and Magnetism attract bodies at sensible dis- 

Gravitation tances also, but their influencd upon different classes of bodies 

djje^ /'°™ varies, and is limited by distance. Molecular, or Internal At- 

of attraction r traction, acts only at insensible distances. The Attraction o/ 

Gravitation acts at all distances, and upon all bodies. 

„ . ^ 58. Every portion of matter in the universe' 

What is the . ^ , . • , .. 

great law of attracts cvcry other portion, with a lorce pro* 

the attraction . iti T .* 

of Gravita- portioncd dircctly to its mass, or quantity, and. 
inversely as the square of the distance. This.^ 
is the great general law of the Attraction of Gravitation. 

By the Attraction of Gravitation being directly proportional to the mass of 
a body, we mean, that if of two bodies, the mass of one be twice as large as 
that of the other, its force of attraction will be twice as great : if it is only ^ 
half as large, its attraction will be only half as great 

By the Attraction of Gravitation being inversely proportioned to the square 
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of the distance, we mean, that if one body, ormibstance. attracts another bodj^ 
with a certain force at the distance of a mOe, it will attract with four times 
that force at half a mile, nine times the force at one third of a mile, and so 
CD, in like proportion. On the contrary, it will attract with but one fourth of 
the force at two miles, one ninth of the force at three miles, one sixteenth of 
Had force at four miles, and so on, as the distance increases. 

YiQ^ X ^^ ^^ °^7 ^ fortlicr 

illustrated by reference to 
Fig. 3. Let G be the center 
of attraction, and let the Sax 
dotted lines diverging fixxn G 
' represent I'mes of attractioiL 
At a certain distance fiom G 
they will comprehend the 
small square A ; at twice that 
distance they will include the large square B, four times the size of A ; and 
since there is only a certain definite amount of attraction included within 
these lines, it is clear that as B is four times as great as A, the attraction ex- 
erted upon a portion of B equal to A, will be only one fourth that which it 
would experience when in the position marked 1, just half as tan fh)m G. 

As gravitative attraction is the common property of all 
bodies, it may be asked, why ail bodies not fastened to the 
earth^s surface do not come in contact 7 They would do so, 
were it not for the overpowering influence of the earth's at- 
traction, which in a great measure neutralizes, or overcomes, 
the mutual attraction of smaller bodies on its surtace. 

Does a feather ^® throW up a feather into the air, and it fSsdls through the 

•ttnek the influence of the earth's attraction : but as all bodies attrad 

each other, the feather must also attract, or draw up, the 
earth, in some degree, toward itself This it really does, with a force pn> 
portioned to its mass ; but as the mass of the earth is infinite^ greater than 
the mass of the feather, the icfluence of the fbather is infinitely small, and we 
are unable to perceive it 

,^^^ • In some instances, where bodies are ftee to move, the mu- 

histratioiM of tual attraction of all matter exhibits itselC If we place upon 
Mn^l At- ^ater, in a smooth pond, two floating bodies at certain dis- 
tances from each other, they will eventually approach, the cooi^ 
dltions affecting the experiment being alike for each. Two leaden balls such 
pended by a string near each other, are found, by delicate tests, to attract 
each other, and therefore not to hang quite perpendicular. A leaden weight 
suspended near the side of a mountain, inclines toward it to an extent pro» 
portionate to the magnitude of the mountsuo. 

What is the ^® earth attracts the moon, and this in turn attracts the 
cause of earth. The solid particles of matter upon the earth's surface^ 

"^^- not being firee to move, do not sensibly show the influeoce of 

the moon*8 attraction ; but the particles of water composmg the oceaa^ beixv^ 



Whj do noC 
all bodies up- 
on the earth* 8 
snifaoe eome 
in contact? 
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free to more^ luniish us erideDoe of this attractkm, in the pheDomena of the 
tides. Wheu, by the revolution of the earth, a certain portion of its snr&ce 
is brought within the direct influence of the moon's attraction, the sur&ce of 
the ocean is attracted, or drawn up, to form a wave. This wave, or elevation 
of the sur&ce of the water, occurring uniformly, is called a tide ; when the 
moon is the nearest to the earth, its attraction is the greatest, and at these 
periods we have high tides^ or " high water." 

What is Ter- ^^' ^'^ l^ies upon the earth are attracted 
mtMaionr. toward its Center. This we call Terrestrial 

Gravitation. 
Wbat is the The attraction of the earth is not the same 
eJrth*sattm!! At all distances from tlie center^ being greatest 

at the surface, and decreasing upward as the 
square of the distance from the center increases, and down- 
ward simply as the distance from the center decreases. 



SECTION 1. 

WBIQHT. 

How la a bod ^^' Whcu a body falls to the earth, it de- 

•t rert apon sccuds because it is attracted toward the center 

the mrface of 

Ae earth at- of the carth. Whcu it reaches the surface of 

tracted? 

the earth, and rests upon it, its tendency to 
continue to descend toward the center is not destroyed, 
and it presses downwards with a force proportioned to the 
degree by which it is attracted in this direction. This 
pressure we call Weight. 

What is 61. Weight is, therefore, the measure of 

Weight? force with which a body is attracted by the 

earth. In ordinary language, it is the quantity of matter 
contained in a body, as ascertained by the balance. 

' Weight being, then, the measure of the earth's attraction, it 

WrfLht WT? follows that as the attraction of the earth varies, w?ight must 

also vary, or a body will not have the same weight at all 
places. 

The weight of a body will be greatest at the surface of th« 
hody™ Welsh ©^^h, and greatest at those points upon the surface which are 
the most, and nearest the center, 
where the ^^ ^^^ earth is not a perfect sphere, but fattened at the 

poles, the poles are nearer the center than the equator. A 



WBIGHT. S3 

bod3r, thare&ro, win be aittnusted most rtronglj, that ia, wffl weigh the mort,, 
at the pole8| or at that portion of the earth's surfiice which is nearest the 
center, and weigh the least at the equator, or at that portion of the earth's 
Bor&ce which is most remote from the center. 

A ball of iron weighing one thousand pounds in the latitude of the city of 
New York, at the level of the sea^ will gain three pounds in weight, if re- 
moved to the north pole, and lose about four pounds if conveyed to the 
equator. 

Brrdoes 62. If a bodjT be lifted above the surface of 

1 we^asSS the earth, its weight will decrease in accord- 
elSS'0*^Mr- ance with the law, that the attraction of 
**•' gravitation decreases upward from the surface, 

as the square of the distance from the center of the earth 
increases. 

The weight of a body, therefore, will b? four times greater at the earths 
sar&ce, thali at double the distance of tlie suriace from tlie center ; or a body 
weiring onie pound at the earth's surface, will have only one fourth of that 
we^ht, if removed as fru* from the sur&ce of the earth, as the surface is from 
the center. 

How does ^^' ^® ^^® attraction of gravitation decreases 

^^!i^\ ▼«T downward from the surface to the center of the 



as we descend 

from 

Ikeef 



from the sor- earth, simply as the distance decreases, weight 



will decrease in like manner. 

A body weighing a pound at the surface of the earth, will weigh only half 
a pound at one half the distance from the surface to the center. 

wherewiua ^' -^* *^® Center of the earth a body will 
j^hare no necessarilj lose all weight, since, being sur-. 
rounded on all sides by an equal quantity of 
matter, it will be attracted equally in all directions, and, 
therefore, can not exert a pressure greater in one direction 
than in another. 

What are -^^ ^® attractive force which the earth exerts upon a body 

^rrj^d is proportioned to its mass, or to the quantity of matter con- 
tained in it, and as weight is merely the measure of such at- 
traction, it follows that a body of a large mass will be attracted strongly, and 
possess great weight, while, on the contrary, a body made up of a small 
quantity of matter, will be attracted in a less degree, and possess less weight 
We recognize this difference of attraction by calling the one body heavy and 
the other light 

I( as is represented in Pig. 4, we place a mass of lead, a, at one extremity 
of a well-balanoed beam, and a feather, 5, at the other, we shall find that the 

2* 
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Fig. 4. 




lead is drawn to the earth with a force exactly equal to the eaperiorlty of ittf 

mass over that of the feather. 1^ 
however, we tie on a suffidentr 
namber of feathers to make up a 
quantity of matter equal to that 
of the lead, the equilibrium is re- 
stored—the two quantities are 
attracted with equal force, and 
the beam is supported in a hori*^. 
zontal position. 

65. In all the opera- 
\ tioDS of trade and com- 
\ merce, we sell, or ex- 
I change a given quantity 
/ of one article or substance 
for a certain quantity of 
some other article or substance — so much flour for so much 
sugar, or so much sugar and flour for so much gold. 
What is a syu- P^^^c the uccessity, which has existed from 
•SMMta^*? *^® earliest ages, of having some fixed rules or 
standards, according to which different quanti- 
ties of different substances may be compared. A set, or 
series, of such rules or standards of comparison, is called a 
System of Weights and Measures. 

Various nations adopt different standards, but in the civil- 
ized and commercial world, but two great Systems of Weights 
and Measures are generally recognized. These are known as 
the English, and the French Systems. 

In the English System, which i& the one used in the United 
States, there are two systems of weights — ^Troy and Avoirdu- 
pois Weight Troy Weight is principally used for weighing 
gold and silver; Avoirdupois for weighing merchandize, other 
than the precious metals. It derives its name fix)m the French avoirs (averia\ . 
goods or chattels, and poids^ weight The smallest weight made use of ia 
the English System is a grain. By a law oC England enacted in 1286.'t 
was ordered that 32 grains of wheat, well dried, should weigh a pennyweigbL' 
Hence the name grain applied to this measure of weight. It was afterward 
ordered that a pennyweight should be divided into only 24 grains. Grain 
weights for practical purposes, are made by weighing a thin plate of metal of 
uniform thickness, and cutting out, by measurement, such a proportion of 
the whole as should give one grain. In this way, weights may be obtained 
fx chemical purposes, which weigh only the 1,000th part of a grain. 



What are the 
tiro great Sys- 
tems of 
Welghto and 
Measures? 



What are the 
peenliarilieB of 
the English 
System? 
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H<nr do we ob- 
tain a Stand- 
ardofWeighta 
and MeasureB f 



66. In constnicting a System of Weights 
and Measures, it is necessary, in the first place, 
to fix upon some dimension which shall forever 
serve as a standard from which all other weights and 
measures may be derived, and hy which they may be com* 
pared and verified. If an artificial standard were taken, 
it is evident that it might be falsified, or even entirely lost 
or destroyed, thus creating great confusion. It is, there- 
fore, necessary to fix upon some unchanging and invariable 
space or size in nature, which will always serve cus a stand- 
ard, and which the art of man can not affect In the 
English System of Weights and Measures, such an un^ 
varying dimension, or standard, is found in the length of 
a pendulum. 

tiescribe the ^^' -^ peudulum is a heavy body, suspended 

Pendulum. fVom a fixcd poiut by a wire or cord, in such a 
manner that it may swing freely backward and forward. 
The alternate movements of a pendulum in opposite di- 
rections are called its vibrations, or osciixations, and 
the part of a circle over which it moves is called its arc. 



Hoir does the 
Pendninm fur- 
nish a Stand- 
ard of Meas- 
ures of Length? 



FlO. 5. 

A 

if 



In Fig. 5, A B represents a pendiilum ; D 

C, the arc in which it vibrates. 

Now, it has been found that 
a pendulum, of any weiglit, 
which in the latitude of Lon- 
don will vibrate, or swing over 
the same arc, or from the 

highest point on one side, to the highest point 

on the other side, in one second of time, will 

always, under the same circumstances, have 

the same length. The length of this pendulum' 

(the part A B, Fig. 5) is divided into 391,393 

equal psrt& Ofthese parts, 10,000 are called 

an inch, twelve of which make one foot, 

thirty-six of them one yard. Thus we ob- 
tain standards of linear measure. 

_ . To obtain a Standard of Weight, a cubic inch {acatraJLdy ob- 

tain a Standard ioinedfrorA the pendulum) of distilled water, of the temperature 

of Weight? Qf g20 Fahrenheit's thermometer, is taken and weighed. 

This weight is divided into 252,458 equal parts; and of these, 1,000 will b« 

a fgrain. The grain multiplied, gives ounces, pounds, eta 




36 WELLS'S KATUBAL FSILOSOFBT. 

Ho«dn*aab- To obtain staiidardaofLiqoidlleasare, ton paunds, or1,000 
ub Siudird* grains oTdisUllad water, at Uu> same Umperature, ars made 
HmiTirMl *° constitute a gallon. Tbe gallon, by divisjoii, g^vea qnarta, 
pints, and gilla. 

68, The French System of Weights and Measures is 
constructed on a different plan, and originated in tbe fol- 
lowing manner : 

Krnl In tii ^° 1188, the FVmiA Gmemment, feeling the neceaaity of 

caanTUBtlonnr liaving some etandard by wlui.'h all neighta and measures 
tte^^^French m^ljt be compared and made uniform, ordered a Scientific in- 
wdgfaM mi i^uiry to be made : the result of which was the etUblisbntent 
Mbhotu. of the present syBtera oT French Weighta and Mtane^a, which, 

fiwn its perfect accuracy and simplicitj is superior to all other Hyaleins. It ia 
aometimes called the Decimal Systein, all its divisbna beii^ made by teu. 

Tbe French sCuidard is based on an invariatie dimewion of the globe, viz., a 
fimrih part of Die tartli'i meridian, or the fourth part of the largest circle pass- 
bg through the poles of tbe earth. 

In Fig. 6, the circle N E 8 W repre- 
sents a meridian of the earlb ; and a fourth 
part of tills circle, or the distance N E,con- 
Btitules the dimension on wliicli the Frendi 
System ia founded. This distance, which 
was accurately measured, in divided into 
ten million equal parts; nnd a single ten 
milliouth pnrt adopted as a measure of 
length, and called a metre. The length of 
tlie metre is about 39 English inchea. By 
multiplying or dividing' this qusutity b; ten, 
tlie other varieties ot weiglits and roeasurea 
are obuiued. 

69. In the United States, Standards of Weights and 
Measures, prepared according to the English System bj 
order of the Government, are to be found at Washington, 
and at the capital of every State. 



1. Supposs two bodlei, ons weighing SO ind (he othsr m pauDdi, titmU 
•psrt, iref s ftw lo mo™ iDiraiU »ch olfwr. nnier lb« InflnenM of mutul 

The mntnil ■ttraction of uy tiro bndlei for eaeli other la progwrdoDKi to I 
Bf matter Ihej contain. 

3- A body apon th« larbco of the mith nlffb* on* pgond. or ^IvflD oi 
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•njr BMKM W9 OMdd ewiy it i,WO miles abore tb« mxik'u nrfMe, vhat would be iti 
weight? 

SohUion: The foree ofgrayitj deereues upward, ae the square of tho distance flrom 
the center increases : weight, therefore, will decrease in like proportion. The distance of 
the body upon the sorfiice of the earth, from the center, is 4,000 miles. Its distance from 
the center, aft a point 4,000 miles -above the surface, is 8,000. The square of 4,000 is 
16,000,000 ; the square of 8,000 is 64,000,000. The weight, therefore, will be diminished 
in the proportion that rizty-four bears to sixteen ; that is, it will be diminished ^tha, or 
weis^ ith of a pound, or 4 ounceii 

3. What will be the weight of the same body remored 8,000 miles from the earth*s 
aarfMe? "' 

4. A body on the sur£see of the earth weiglis ten tons : what would be its weight If 
derated 2,000 miles above the surface ? 

5. How far above the surface of the earth must a pound weight be carried, to make it 
wei|^ one ounce avoirdupois t 

0. What would a body weighing 800 pounds upon the earth^s surface, weigh 1,000 
Biles bdow the surfiMe? 

The force of gravity decreases as we descend from the surface into the earth, simply 
as the distance downward increases, — weight being the measure of gravity, it therefore 
decrsaaes in the same proportion. The distance from the surface of the earth to the 
center may be assumed to be 4,000 miles: 1,000 miles is one fourth of 4,000. The dhi- 
tance being decreased one fourth, the weight is diminished in like proportion, and the 
body will lose 200 pounds, or its total weight would be 600 pounda 

7 Suppose a body weighing 800 pounds upon the surface of the earth were sunk 8,000 
miles below the sur&ce : what would be its loss in weifi^t ? 

8 If a mass of iron ore weighs ten tons upon the earth's surfisce, what would it weigh' 
at the bottom of a mine a mile below the surface t 

9. What will be the weight of the same massat the bottom of a mine one half a mile 
below the earth** sorfiwef 



SBOTIONII. 
SPECIFIC GRAVITY, OR WEIGHT. 

f h*t Hr "JO. A piece of iron sinks in water, and floats upon quick- 

senses may the silyer. In the first instance, we say the iron sinks because it 
iteMed?***^' is heavier than water ; and in the second, it floats, because it 
is lighter than quicksilver. Iron, therefore, is a heavy body 
compared with water, and a light body compared with mercury. But in or- 
dioary language, we always consider iron as a heavy body. The term 
weight may, therefore, be used in two very different senses, and a body may 
be at once very light or very heavy according to t'..e sense in which the terms 
ve used. A mass of cork which weighs a ton is very heavy, because its ab- 
tolute weight as indicated by the balance, viz.. 2,000 pounds, is considerable. 
It is, however, in another sense, a light body, because if compared, bulk for 
balk, with most other solid substances, its weight is very smaU. Hence we 
make a distinction between the absolute, or real weight of a body, and its 
q^edfic^ or oomparative weight 
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What is Ab- 71. The Absolute Weight of a body is' 
soiatewdghtf ^^^^^ ^j* j^g entire mass, without any reference 

to its bulk, or volume. 

What is 8p€. 72. The Specific Weight, or the Specific 
diic Weight? Gravity of a body, is the weight of a given 
bulk, or volume ofthe substance, compared with the weight 
of the same bulk, or volume, of some other substance. 

The term " Specific" Weight, or Gravity, is used, becauM 
S?tera " Sp^ ^^^®^ ^^ different species of matter have different weighto, 
dfie,** as ap- under equal bulks, or volumes. Thus, a cubic inch o£ cork, 
w^ht? has a different weight from a cubic inch of oak, or of gold, and- 

a cubic inch of water contains a less weight than a cubic inch 
of mercury. Hence we say that the specific gravity, or specific we^ht^ of 
cork is less than that of oak or gold, and the specific gravity of mercury is 
greater than that of water. 

73. Specific Gravity, or Weight, being merely the compaia- 
aS*^ d ?* *^^® gravity, or weiglit, it is convenient that some standard 
estimating the should be selected, to which all other substances may be re- 
Sv^nS)Se8 ?' furred for comparison. ^ Distilled water has accordingly been 

taken, by common consent, as the standard for comparing the 
weights of all bodies in the solid, or liquid form. The reason for using dis- 
tilled water, is, that we may be certain of its purity. 

' Water, therefore, being fixed upon as the standard, we determine the q>e- 
dfic gravity of a body, or we ascertain how much heavier or lighter a sub- 
stance is than water, by the following rule : — 

Hoir do we 74. Dividc the weight of a given bulk of the 
Sfic *Gra^^ substance, by the weight of an equal bulk of 

of bodies? wsiteT. 

Explain the Suppose we take five vessels, each of which would contain 

application of exactly one hundred grains of water, and fill them respectively 
"^ ®* with spirits, ice, water, iron, and quicksilver. The following 

differences in weight will be found : — The vessel filled with spirits would 
weigh 80 grains; with ice, 90 grains; with water, 100 grains; with iron, 760 
grains ; with quicksilver, 1,350 grains. - 

Water having been selected as the standard for comparing these different 
weights, the question to be settled is simply this : How much lighter thai 
water are spirits and ice, and how much heavier than water are iron and 
quicksilver; or, in other words, how many times is 100 contained in 80, 90, 
750, and 1,350 ? The weights of the different substances filling the vessel 
are, therefore, to be divided by 100, the weight of the water ; and there is 
ft)und for spirits the weight 0*80, one Ifth lighter than water ; for the ice, 0-90, 
one tenth lighter than water; for the iron, 7*50, or seven and a half times 
heavier than water ; for the quicksilver, 13*50, or thirteen and a half times 
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heavier than water. These numlers^ therefore, are the apecific gravities of ^he 
spirits^ ice^ inm^ and quicksilver. 

For obtaining the specific gravitj of Liquids the method 
Sd^ th^ Spel ahovo described ia substantially the one usually adapted in the 
dfic GraTi^ arts. A bottle capable of holding exactly 1,000 grains of 
Jo^jjjy distilled water, at a temperature of 60° Falirt*nheit, is ob- 

tained, filled with water, and balanced upon the scales. The 
water is then removed, and its place supplied with the fluid whose specific 
gravity we wish to determine, and the bottle and contents again wcigiied. 
The weight of tlie fluid, divided by the weight of the water, gives the ppecifio 
gravity requirisd. Thus a bottle holding 1,000 grains of distilled wat**r, will 
hold 1,845 grains of sulphuric acid; 1,845+1,000 — 1.845, or, the sulphuric 
add is 1.845 times heavier than an equal bulk of water. 
_j^ . For obtaining the specific gravity of solid bodies, a difierent 

mene a bodj' method is adopted. When we immerse a body in water, 
faav^, what j^ displaces a quantity of water equal to its own bulk. (In 
Fig. 7, the space occupied by the cube A B is obviously 
equal to a cube of water of tiie same size.) The Fig. 7. 

water that before occupied the space which the 
body now fills was supported by the pressure of the 
other particles of water around it. The same 
pressure is exerted on the substance which we 
have immersed in the water, and, consequently, it 
will be supported in a like degree. 
.^^ If the body weighs less than an 

body sink, and equal bulk of water, the pressure 
^^ float, in of the water will sustain it entirely, 
and the body will float ; if, on the 
contrary, it is heavier than an equal bulk of water, 
the pressure of the particles of water will be un- 
able wholly to sustain it, and, yielding to the at- 
traction of gravitation, it descends, or sinks. 

But to whatever extent a body may be supported in water, to the same 
extent it will cease to press downward, or its weight will diminish. Wo ac- 
cordingly find, that a solid body, when immersed in water and weighed, will 
weigh less than when weighed in air, and the difference between these two 
Weights will be equal to the weight of a quantity of water of the same size or . 
bulk as the solid body ; all bodies of the same size, therefore, lose the same 
quantity of their weight in water. To find the Specific Gravity of Solids 
heavier than water, or their weight compared with the weight of an equal 
bulk of water, we have the following rule : 

Hwrdowede- ^5. Ascertain the wei^jht of the body in 
KSS o-^- water, and also in air. Divide the \veie;ht in 

!^4«r ^ttlS! ^^^ ^Y *^® ^^^® ^^ weight in water, and the 
'' quotient will be the specific gravity reopired. 
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Fie. i. 




is known. 



Suppose a piece of gold weighs to 
the air 19 grains, and in water 18 
grains ; the loss of weight in water will 
be 1; 19-1-1 = 19, the specific graTitj 
of gold. 

Fig. 8 represents the arrangement of 
the balance for taking specific gravities, 
and the manner of suspending the body 
in water iVom the scale pan, or beam, 
by means of a fine thread, or hair. 

76. To find the specific 
gravity of a body lighter than 
water, tie it to 8ome substance 
sufficiently heavy to sink it, 
whose weight in air and water 



How do we 
find the Spe- 
dfie Gravity 
of ft body 
lighter thftn 
water? 



Weigh the two together, both in air and water^ 
and ascertain the loss in weight. This loss 
will be the weight of as much water as is equal 
in bulk to the two solids taken together.. 
Subtract the loss of the heavy body weighed 
by itself in water, previously known, from the loss sus- 
tained by the combined solids. The remainder will be 
the weight of as much water as is equal in bulk to the 
lighter body. Divide the weight of the lighter body in 
air by this remainder, and the quotient will be the spe- 
cific gravity required. 

Thus, for example, let the weight of the lighter solid be 3 ounces, and that 
of the heavier soUd 15 ouncea Let the weight which the two together lose 
when submerged in water, be 5 ounces, and let the weight which the heavier 
alone loses when immersed be 1 ounce. Subtracting tlie loss of weight of the 
heavier body, in water, 1 ounce, from the combined loss of the two in water, 
6 ounces, we have 4 ounces as the weight of a mass of water equaJ in bulk to 
the lighter body. But the weight of the lighter body in air is 3 ounces; 
3-j-4=0.75=f. It will, therefore, weigh three quarters of its own volume 
of water, or have a specific gravity 0.75. 

77. The specific gravity of Liquids may also be fonnd by thG 
balance in the following manner : Weigh a solid body m water, 
as well as in the liquid whose specific gravity is t/> be de- 
termined ; then the loss in each case will be the respective 
weights of equal bulks of water and liquid. We hava *here- 
fore, the following rule : 

78. Divide the loss of weight in the liquid by th9 loss 



How may m 
find the Spe- 
cific Grarity 
directly by the 
balance? 
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"weiglit in water ; the quotient will give the specific 
ivity of the liquid. 

lius a solid body (a piece of glass is generally used) loses 20 grains when 

gfaed in watef, and 30 grains when weighed in add; 30-f-20=1.5, the spe- 

: gravity of the add. 

9. There are various other methods of obtaining the spedfic gravity of 

ds and liquids.* Those we have described are the ones most generally 

«pted. 

rdoweob. 80. For obtaining thc spccific gravity of 
1 *orm5S?r g^s^s, air instead of water is adopted as the 
^^' standard of comparison. The weight of a 
^en volume or measure of a gas is compared with the 
ight of an equal volume of pure atmospheric air, and 
3 weight of the gas divided by the weight of the air, 
U express the specific gravity of the gas. 

1. The following table exhibits the spedfic gravity of various solid, liquid, 
gaseous bodies ; pure water, having a temperature of 60 degrees Fahren- 
;'8 thermometer, being assumed as the standard of comparison for solids 
liquids, and pure, dry air, having the same temperaturcj being assumed 
he standard of comparison for gases. The metal platinum has the greatest 
nfic gravity of any solid body, being 21.50 times heavier than an equal 
c of water ; and hydrogen gas the least specific gravity of any of the gases, 
ig 14.4 lighter than an equal bulk of air, and 12.000 lighter than an equal 
z of water. These two substances are respectively the heaviest and light- 
Ibnaa of matter with which we are acquainted. 

SOLIDS AND LIQUIDS. 

Distilled water 1.000 " 

Platinum 21.500 

Gold 19.360 

Mercury 13.600 

Lead 11.450 

Silver 10.500 

Copper 8.870 

Iron • t.800 

FKnt Glass 3.320 

Marble 2.830 

Anthracite coal 1.800 

Box-wood 1.320 

Sea-water 1.020 

Whale ofi . 0.920 

Pitdi-pine wood . 0.660 

* See Hydrometer. 
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White pine 0.430 

Alcohol 0.800 

Ether 0.120 

Cork a.240 

GASES. 
» • 

Pure, dry atmospheric air 1.000 

Carbonic acid gas 1.520 

Oxygen i.lOO ' \ 

Nitrogen 0.970 

Ammoniacal gas 0.580 

Hydrogen O.OtO 

now can we ®^* '^ ^^^° ^^* ®^ Water weighs ahnoBt exactly 1,000 
deiermine the ounces avoirdupois, or 62-|> poonda I( therefore, the qiecifio 
Jf^^bSd^from gravity <>f ^ater be represented by the number 1,000, tiie 
its Specific numbers which express the specific gravity of all otiier sdidB 
^ ^^ and liquids, will also express the number of ounoes ooQtained 

in a cubic foot of their dimensions. Thus, the specific gravity of gold being 
19.360, it follows that a cubic foot of gold will weigh 19,360 ounces; and the 
specific gravity of cork being 0.240, the weight of a cubic foot of coik wiU 
be 240 ounces. By means of a table of specific gravities, therefore^ the 
weight of any mass of matter can bo ascertained, provided we know its cu- 
bical contents, by the following rule : 

83. Multiply the weight of a cul>ic foot of water by 
the specific gravity of a substance ; the product will be' 
the weight of a cubic foot of that substance. 

Thus, anthracite coal has a specific gravity of 1.800. This, multiplied by 
the weight of a cubic foot of water, 1,000 ounces, gives 1,800 ounoes^ wfaidi 
is the weight of a cubic foot of ooaL 

How can we ^4. The volumc, or bulk, of any givctt Weight 
bSk^^ a mb- ^f ^ substance can also be readily calculated, 
8prcifi?Gl?a^ '^y dividing the number expressing the weight 
^'^'^ in ounces by the numbeir expressing the spe- 

cific gravity of the substance, omitting the decimal pointty 
the quotient will express the number of cubic feet in tto 
volume, or bulk. 

Thus, for example, if it be desired to ascertain the bulk of a ton of iron, '% 

is only necessary to reduce the ton inreight to ounces, and divide the number 

of ounces by 7.800, the specific gravity of iron ; the quotient will be the 

T,.,. .. . number of cubic feet in the ton weight 

If tn<) particles ^m- t^ i • i /» it ,, 

of matter were 85. If the particlcs 01 all matter wcrc per- 
how woSr^ fectly free to move among themselves, their 

they arrange . • u i i ■ 

the'-^eivesf arrangement m space would always be m ex- 
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Act accordance with their different specific gravities : in 
other words, light bodies, or those having a small specific 
gravity, would rest upon, or rise above all heavier bodies, 
or those possessing a greater specific gravity. 
^^ la tbo eaae of different liquids, the particles of which are 

tnOdiu sf thl* &e6 to move among themselves, this arraDgemeDt alwajs ex- 
^^■■dp'*^ iats, so long as the different sutt^onces do not combine to- 

fX^bet, hj Uie ibrce of chemical attraction, to Ibrm a compound subsbince. 
^D^ water floats upon sulphuric acid, oil upon water, and alcohol upon oi^ 
and by carcfoUj poaring each of these Ivquids siicceasivel; upm the sur&ce 
of the other, they maj be arranged In a glass in layers. 

Carbonic acid gas is heavier tluQ atinosphoric air. We accordingly find 
that it accamalateB at the bottom of deep pits, wella, caveros and miuee. 

This principle also explains certain phenomena which at 
flist seem opposed to the law of terrestrial gravitj, that all 
matter is attracted toward the center or tlio cartli. Wc ob- 
a, a soap-bubble, or a cloud of smoke or steam 
toascend; and a cork, or other liglit lx>dj, placed at tiie bot- 
tom at A ressel of .water, rises tbrough it and swims on the suriace. These 
pfaenfHnana are a direct consequence of gravitation ; Ibe attraction of which, 
mcreasing nilh the quantity of matter, draws don-n the denser air and water 
to occupy the place Slled by the lifter bodies, which are thus pushed up, 
■nd compelled to ascend. 

FiO. 9. Suppose a. Tig. 9, a ball of wood so loaded with lead 

that it will float exactly in the middle of a vessel of water. 
The weight of the wood and the tipward pressure of the 
T have such a relation to each other, that the ball is 
balanced in this position. If now we add a few drops of 
strong salt and water, we shall see, as it sinks aud mixes 
with the -water, that the ball, a, is forced to the lop of the 
fluid, because the attraction of gravitation on the denser 
fluid draws it dowo, and compels it to occupy the place 
of a. 

The principle that the particles of liquids arrango them- 
setvea according to their specific gravities, has been taken 
advantagec^in the West Indies by the slaves, in oniorto 
sailile them to steal rtitn from casks. . Tlie long neck of a bottle filled with. 
water, is inserted through the bnog of the cask into the mm. The wBt«r 
Uli out of the bottle into the cask, while tlie lighter rum rises to take its 

The princuple of specific gravity admits of many valuable 
jJejOoBM™ applications in the arts. It offers a very sure and quick 
~ determining whether a substance is pure or adul- 
B™*" terated. Thus, silver may be mixed with gold to a conaider- 
*tde extent, without changing, to any great ^Bp^^t^oa w^. 
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pearanoe <^the gold. The specific gravity of pure gold being 19, and of pun 
silver 10, it is obvious that a mixture of the two will have a specific gravitj 
less tlian pure gold, and greater thau pure sUver, the differenoe being propo^ 
tioned to the amount of adulteration. In the same waj we can determine 
whether cheap oils liave been mixed with expensive oils, cheap and poor il- 
luminating gas, with expensive and brilliant ga& In any case it enables us 
to ascertain the exact size or solid bulk of a mass, however irregular^— even 
of a bundle of twigs.* 

PRACTICAL PROBLEMS RELATING TO SPECIFIC GRAVITY. 

I 

1. The weight of a solid body is 200 grains, but its weight ia water is only 160 gndmi 
what is the spedfio gravity of the body ? 

Solution : 50 grains = loss of weight in water ; 200 grains (wdgbt in a!r)-i-60=:4, qit> 
cific gravity required. 

2. A body weighed in the air 28 pounds, and in water 24 pounds ; what Is its speetfie 
gravity ? 

3. An irregular fragment of stone weighed in air 78 grains, but lost 80 vpoa Mag 
weighed in water; what was the specific gravity of the stone? 

4. A piece of cork weighed in the air 48 grains, and a piece of brass 660 gndns ; tin 
brass weighed in water 483 grains, and tba brass and cork when tied together wei^iod ia 
water 336 grains. What was the q[>ecific gravity of the cork ? 

5. How much more matter is there in a cubic foot of sea-water, than in a cable foot sf 
fresh water? 

6. Would a piece of steel sink or swim in melted copper? 

7. When alcohol and whale-oil are put in the same vessel, which of thew two siib> 
stances will occupy the top, and which the bottom part of the vessel? 

8. If a cubic foot of water weigh 1,000 ounces, what will be the weight of a eaUc fofl 
of lead ? 

9. What will be the weight of a cubic foot of cork, in ounces and in pounds ? 



• The attempt to ascertain whether a particular body had been adulterated led AnW- 
roedes, it is said, to the discovery of the principle of specific gravity. Hiero, King d 
Syracuse, having bought a crown of gold, desired to know if it were formed of pure meislt 
and as the workmanship was costly, he wished to accomplish this without defodnf 1^ 
The problem was referred to Archimedes. The philosopher for some time was nnable tt 
solve it, but being In the bath one day, he observed that the water ros^in the bath in flS» 
act proportion to the bulk of his body beneath the surface of the water. He instantly pe^ 
ecived that any other substance of eqca\ 8iz3, would raise the water just as much, UHWjg> 
«ne of equal woigbt and less size, or buli, could not produce the same effect Coufineel 
that he could, by the application of this principle, determine whether Hiero' s crown had 
been adulterated, and moved with admiration and delight, he is said to have leaped from 
the water and rushed naked into th« street, crying ** "Svprjira ! B»'/)'7f « I" " I *»»▼« found ttl 
I have found it 1" In order to apply his theory to practice, he procured a mass of pare foil 
and another of pure silver, each having the same weight as the crown ; then plunging tht 
three metallic bodies successively into a vessel quite filled with water, and having eareftilly 
collected and weighed the quantity of liquid which was displaced in each instanee, ht 
ascertained that the mass of pure gold, of the same weight as the c^own, displaced lea 
water than the crown ; the crown was, therefore, not pure gold. The mass of pure sUt* 
of the same weight as the crown, displaced more water than the crown < th» jrown, tbeit* 
fsra, waa not port silver, bat a mixtare of gold and silver. 
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' 10 How many eabie feet in A ton of gold? 

U. How nuuny eubie feet in two tons of anthracite eoal? 

12- How many cnbie feet in a ton of cork ? 

13. A fragment of metal lost 5 ounces when weighed in water ; what were its dimen- 
dona, suppodng a cnbie foot of water to weigh 1,000 ounces ? 

SoiuHon: The loss of weight in water, 5 ounces, is the weight of a bulk of water equal 
ta that of the body. As we know the weight of a cubic foot of water, we can determine 
the number of cnbie inches or feet in any given weight, thus : as 1,000 (the weight of a cubic 
foot of water in ounces) is to 5 ounces, so is 1,788 (the number of cubic inches in a cnUa 
foot) to 8.64 cubic inchea, the dimensions of the fragment 

Idn Wishing to ascertain the number of cubic inches in an irr^ular firagment of stone, 
It was wdghed in water, and its loss of we^ht observed to be 4.85 ounces. What were its 
dimensions? 

SECTION III. 

CENTER OF OEAVITT. 



What is the 
Center of Grav- 
ity in a body ? 



86. The Center of Gravity in a body, is 
that point about which, if supported, the 
whole body will balance itself. 

Pjq Iq If we take a rod, or beam, of 

equal size, throughout, and suspend 
it from the middle, Fig. 10, the 
two sides will exactly balance each 

- _j other, and it will remain at rest in 

a horizontal position. There being 
as much matter similarly situated on one side of the support as on the other, 
the force of attraction exerted on both sides will be alike, and therefore one 
side can not overpower, or outweigh the other. 

In every body, of whatever size or form, a point may be 
found, about which, if supported, all the parts of the body will 
balance, or remain at rest Everybody may be considered as 
made up of separate particles, each acted upon separately by 
gpravity, but as by supporting this one point we support the 
whole, as by lifting it we lift the whole, and as by stopping it 
we cause the whole body to rest, the whole attraction exerted 
oa the entire mass may be considered as concentrated at tliis one point, and 
tluB point we call the Gbkter of Gravity. 

87. The Center of Magnitude of a bodv. 
is the central point of the bulk, or mass of the 
body. 

88. When a body is of uniform density, the 
Center of Gravity will coincide with its 
center of magnitude ; but when one part of a 

body is composed of heavi(:'r materials thau another ^art^ 



Bow nay we 
conrider the 
vhoto attrao- 
timi exerted on 
a twdy coTHsen- 
kited at Ita 
Center of Grav- 
ity? 



What la the 
Center of liag- 
lilader 



Where is the 
Ctnter of Grav- 
is of a body? 
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the center of gravity no longer corresponds with the center 
of magnitude, or the central point of the bulk of the body. 

Fig. 11. Tha^ in a sphere, a cube, or a cylinder, the center of gray- 

ity is the same as the center of the body. In a ring of uni- 
form size and density, the center of gravity is the center of 
the space inclosed in the ring (see Fig. 11). This example 
shows that the center of gravity is not necessarily included 
in that portion of space occupied by the matter of the body. 
In a wheel of wood of uniform density and thickness the 
center of gravity will be the center of the wheel, but if a part of the rim be 
Inade of iron, the center of gravity will be removed to some point aside iromi 
the center. 

When two bodies are connected together, they may be regarded as one 
body, having but one center of gravity. If the two bodies be of equal weight, 
the center of gravity will be in the middle of the line which unites them ; 
but if one be he&vier than the other, the center of gravity will be as much 
nearer the heavier body, as the heavier exceeds the lighter one in weight 
Fig. 1 2. Thus, if two balls, each weighing four pounds, be 

connected together by a bar, the center of g^ravity 
^^ will be a point on the bar equally distant from 

^_.^ '. — 1— C^k each. But if one of the balls be heavier than the 

^^^ other, then the center of gravity will, in p^opo^ 
tion, approach the larger ball. This is illustrated by reference to Fig. 12, in 
which the center of gravity about which the two balls support themselves, is 
ieen to be nearest to the heavier and larger ball. 

89. The center of gravity of a body being regarded as the 
Center'ofGrav- Point in which the sum of all the forces of gravity acting upon 
itybeinperma- the separate particles of the body are concentrated, it may 
©quiUbriuni?**' ^ Considered as influenced by the attraction of the earth 
in a greater degree than any other portion of the body. • It 
follows, therefore, that if a body has freedom of motion, it can not be brought 
into a position of permanent equilibrium, until its center of gravity occupies 
the lowest situation whicli the support of the body will allow ; that is. the 
center of gravity will descend as far toward the center of the earth as possible. 

,^ , 90. By Equilibrium we mean a state of rtst 

What do we i i i i . i i • i» 

niesabvEqum. produced by the counterpoise, or balancing, of 
opposite forces. 

Thus when one force tending to produce motion in one direction, is opposed 
by an equal force tending to produce motion in an exactly opposite direction, 
the two balance each other, and no motion results. To produce any action, 
there must be an inequality in the condition of one of the forces. 
g . The trutli of this principle may be illustrated by certain ex- 

periment can perimcnts which at first seem to be contradictory to it. Thui 
S?|° prtSSSel ^ cylinder may be made to roll up an inclined plane. Fix a 

13, on oxM side of the cylinder a, so that 



priSj a cylinder may be ED 
* piece of lead, I, Wg. 
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Fig. 13. 




the center of graTity of the cylinder wlU be at the point l^ whOe its center 

of magnitade is at c. The cylinder 
will tlien roll up the inclined plane to 
the position a I, because the center 
of gravity of the mass, I, will endeavor 
to descend to its lowest point 

91. A prop that supports 
the .center of gravity sup- 
ports the whole body. This suppprt may be applied in 
three different ways : 

1. The point of support may be applied di- 
rectly to the center of gravity of the body. 

2. The point of support may have the cen-* 
ter of gravity immediately below it. 

3. The point of support may have the center of gravity 
immediately above it. 

In the first case, where the point of support is apphed di^ 

rectly to the center of gravity, the body will remain at rest in 

any position ; this is illustrated in the case of a common wheel, 

where the center otgr&vitj is also the center of the figure, and tliis being 

YiQ, 14, supported on the axle, the wheel rests 

indifierently in any position. In Fig, 

14, let a, the center of the wheel, which 

b is also its center of gravity, be supported 

by an axle ; — ^the wheel rests, no matte) 



In vliat three 
wajm may the 



niiistrmte 
llrat 



the 




mnstrste the 



......^...^ to what extent we turn it. 

In the second case, where the point 
U- -C of support is above the center of gravity, 
the body, if it is allowed freedom of mo- 
tion, will not rest in perfect equilibrio 
until its center of gravity has descended to the lowest position, which in all 
cases will be immediately beneath the point of suspensioD. 
Thus, in Fig. 14, let the wheel, the center of gravity of which 
is at o^ be suspended from the point 5, by a thread, or hung 
^pon an axle, having freedom of motion on that point. However much we 
may move it, either right or left, toward wi or n, as shown by the dotted lines, 
dm and an, it swmgs back agam, and is only at rest when b and a are in the 
same perpendicular line. 

In the third case, where the point of support has the cen- 
^^^J^ ***• ter of gravity above it, a body will remain at rest only so long 
as the center of gravity is in a vertical line, above the point 
oTsoiyport ' In Fig. 14, suppose the wheel to be supported at the point c, sit- 
uated in a vertioal line a c, immediately below the center of gravity, a; so 
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bug aa thia portion a mslntaioed, the wheel will renndn at rest, Init tho ao- 
meat the ceotcr oT gravity, a, ia moved a little to the right or left, ao aa to 
throw it out of the vertical line joining a and c, tha wheel will turn over, and 
asaume such a poaitioD as to bring the renter of gravity immedlatelr beneatli 
tho point of BUpporl, as in the sacond case, 

up»ii irhmt 92. The stability of a body, therefore, de- 

bmiV'flbl^ pends upon the manner in which it ia sup- 
djpeod? ported, or in other words, upon the positioa 

of ita center of gravity; ■. 

wiui .n the 93- -A-B a body may be Bnpported in three 
SilrtorF^il positions, we have, as n consequence, three 
briomT conditions of equilibrium, viz., Indifferent, 

Stable, and Unstable Equilibrium. 

Wh«t 1. indif. Isi>ippERBNtEijn[LfBBiniioocuTswhen a body is supported 
Ihreot liqnili- Upon Its center of gravity ; Ibr Ibeo it remwna at rest indilTer- 
"^ ■ eutly in every position. 

Stable Equilibrium occurs when the point of support is 
B^b'rfJSI^ atovB the center of gravity. If a body bo moved from this 
position, it swings backward and forward for a time, and 
finally returns to its orginal aituatioo. 

wiiM i> On Unstable EguiLiBaiuM occurs when the point ofaupportis 

(table EquUi- beneatti the center of gravity. The tendency of the center of 
' gravity in such cases is to change, and take the lowest ^tuatioa 

the support of the body will allow. 

94. The principle that when a body ia suspended ireely, it 
dcifnnine tlie ^'" ^^B its center of gravity in a vertical line, immediately 
SJ'^V'^'u' ^^^"^ ^^'° P°'°' "'' support, has been taken advantage of to 
bodieit determine experimentally the position of the certer of gravity, 

in irregular shaped bodies. Suppose we suspend, aa in Fig. 
16, an irregular pieca ofboard by means of cotd. A plumb-line let fall from 
FiQ 15 ^^^ P°'"' "''^''PP"^ "■■ *''^ prolongation of the cord, will 

,^^^^^^^^^1 P*** through the center of gravity, 0. If we now attacli 
I^I^^^Hj^^l the cord to another point, and suspend the body anew, tl« 
I^^^^H^H' prolongation of the cord in tliis instance, also, will pas 
^P^^^l^^l tlirough the center of gravity, G. The intersection of 
H^^H^H these two lines will be the center of gravity, and the 
H|^H^|^^H board, if suEipended by a cord attached to this point, wil 
l|^^^^^^H| hanjt evenly balanced. 

I^^^Hj^Bj 95. A line which connects the center of 
l^^^^^^ll gravity of a body with the center of the 
^^^^^^^ earth, or, in other words, a line drawn from 
the center of gravity, perpendicularly downward, ia called 
the Link of Dibectios. It a called the Line of Direction, 
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wiBi ta ae because when a solid body falls, its center of 

IMtotOitte. . , - 1 . , • 

■i™' gravity mores along this line until it reaches 

the ground. When bodies are supported u|>on a basis, 
their stability depends on the position of their Line of 
Direction. 

wbBo wDi ■ 96- If tl'*' lins of direction falls within the 
JSa''wto^in 1**^ upon which the body stands, the body 
"'"" remains supported ; but if it falls without the 

hase, the body overturns. 




Thiis, in fig. 16, tho line directed rerticaU/ rrom tbo center of graiitf, G, 
Mis wilJiin tho base of the boAj, and it remaius standiDg ; but in Fig. 1 T a 
ntdDar lioe tails witboat tlie base, und the body, coosoquencly, can not bo 
tained in an upright position, and □ 



Avail,! 



r toner sCanda aecurely, b 
Fta.18. 



long 




the perpendicular lino draivn 
through its center of gmrily faltB 
within ila base. The celebrated 
1 a g tower of IMsa, 315 feet high, 
wh h lines 12 leet from a per- 
Tectly p st>t posi^on, isanCEampJe 
r tl 13 p Qciple. For instance, tlie 
In F g. IS, Gkllmg from Iho top 

of th lower to tho gruand, and 
possi tl roughtbecenteroTgran^ 
£ill th n tho base, and tlic tova 
ta rj secnroly. IC, however, an 
tt mpt ] ad been made to build tho 
tow I ttto higher, so that the per- 
pend I line passing through the 
ce I f gravity, would Iihto Eillen 
by d tl base, tho atructuro co Jid 
no longer have supported itself. 

97. ThebToajiei ^otW^M 
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the base of a body, and the nearer its principal mass is to 
wiwn win ■ '^^ base, or, in other words, the lower its cen- 
mitfli^^ ter of gravity is, the firmer it will stand. 

A. pTranud, tor this reaaoo, is Ute flnncet of all Etructures, 
whrnt tha """^ ^""^ "^° which tliB hunwa body rests, or is mpported, 
Bdnoug* of to the two feet and the apace included between tbem. The 
J"™!**"'™ advantage of turning out the toes when we walk is, thai il 
"a^t increases the breadth of tbe bate mppartiDg the bod/, and 

enables db to stand more secnralj. 
la every Dxnrement of the body, a man a^justa his poeitirai nncoosdonslj, 
hi sucb a WB7 as to suji^iort the center of gravi^, and raose the line of di- 
rection to &]] within the base. 

Vfhy doM ■ A person carrjii^ a load npm his back, bends fiavard ia 
l^g^i™"'^ order to bring U>e center of graTily and his load over his 



Fia. 19. 



R0.20. 





If be carried the load in the position' of A, Fig. 19, he would bo liable t> 
&11 backward, as tbe direction of tbe center of gravity would fall beyond hia 
heels ; to bring tbe center of gravity over his feet, be a 
indicated by B, F%. 20. 

For tiie same reason, when a 

man ascends a hill he leans Cijr- 

word, and wlien be dtsccnils he 

leans backward. See Fig. 21. 
A high carriage is much more 

liable to be overset by an irregu- 
larity in the road than a low one ; 

because the center of gravi^ being 
foe t liiglii tiic liuo of direction is easily > 

throim without the base. Tb^ 
will appear evident from the following illnstraUon, Fig. 21. 



ing a hill, and 
deAcandlogf 

Wliy U « Ugh 
Uible^lo over. 
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Fig. 23. 



'" Lat A. represent a coach standing oa a level ; B, a cart loaded with stones 
on a slope ; C, a wagon loaded with hay on a slope ; a a a the centers of 
gravity ; a b, line of direction ; c d, base. 

Here it is obvious that the hay-wagon must upeet, because the line of di- 
rection falls without the base ; that the coach is very secure, because the line 
of direction falls &r within the base; and the stone-cart, though the center 
of gravity is low down, is not very secure, because the line of direction falls 
very near the outside of the base. 

The eflTect on the stability of a body occa- 
sioned by placing its center of gravity in a very 
low position, is shown in an amusing toy for 
children, represented by Fig. 23. The horse, 
with his rider, is firmly supported on his hind 
feet, because, by means of a leaden ball attached 
to the bent wire, the center of gravity is brought 
below the point of support 

--^ .„ If a body be placed on an in- 

When will s ,. , / ..„,.:,, 
body slide and clmed surmce. It will shdc down 

when its line of direction falls 

within the base ; but it will roll 
Fig. 24. ■ down when it falls with- 

out the base. Thus the 

body, e. Fig. 24, having its line of direction e a, with- 
in the base, will slide down the inclined surface, c d; 
but the body h a, will roll down, since its line of di- 
rection, h a, Mia without the base. 

a <^ 



when roll down 
salope? 





PRACTICAL QUESTIONS ON THE CENTER OF GRAVITY. 

1. Why does s person in rising from a chair bend forward ? 

When a person is sitting, the center of gravity is supported by the seat; 
In an erect position, the center of gravity is supported by the feet ; therefore, 
before rising it is necessary to change the center of gravity, and, by bending 
forward, we transfer it fh)m the chair to a point over X\iQ ^tcX. 



52 WELLS*8 KATUBAL PHILOSOPHY. 

2. Why is a turtle placed on its back unable to move ? 

Because the center of gravity of the turtle is, in this position, cU the lowest 
point, and the animal is unable to change it ; therefore it is obliged to remain 
at rest 

3. Why do very fat people throw bock their head and shoulders when they walk? 

In order that they may effectually keep the center of gravity of the body 
over the base formed by the soles of the feet. 

4 Why can not a man, standing with his heels dose to a perpendicular wall, bend over 
cufficiently to pick up any object that lies before him on the ground, without falling? 

Because the wall prevents him from throwing part of his body backward, 
to counterbalance the head and arms that must project forward. 

- 5 What is the reason that persons walking ann>in-arm shake and Jostle each other, 
unless they make the movements of their feet to correspond, as soldiers do in marching? 

"When we walk at a moderate rate, the center of gravity comes alternately 
over the right and over the left foot The body advances, therefore, in a wav- 
ing line ; and unless two persons walkmg together keep step, the waving mo- 
tion of the two fails to coincide. 

' 6. In what does the art of balancing or walking upon a rope consist ? 

Tn keeping the center of gravity in a line over the base upon which the 
body rests. 

7. Why is it a very difiicnlt thing for children to learn to walk ? 

In consequence of the natural upright position or the human body, it is 
constantly necessary to employ some exertion to keep our balance, or to pre- 
vent ourselves from falling, when we place one foot before the other. Chil- 
dren, after they acquire strength to stand, are obliged to acquire this knowl- 
edge of preserving the balance by experience. When the art is once ac- 
quired, the necessary actions are performed involuntarily. 

8. Why do young quadrupeds learn to walk much sooner than children ? 
Because a body is tottering in proportion to its great altitude and narrow 

base. A child has a body thus constituted, and learns to walk but slowly be- 
cause of this difficulty (perhaps in ten or twelve months), while the young of 
quadrupeds, having a broad supporting base, are able to stand and move about 
Ulmost immediately. 

9. Are all the limbs of a tall tree arranged in such a manner, that the line directed 
from the center of gravity is caused to fall within the base of the tree ? 

Nature causes the various limbs to shoot out and grow from the sides 
with as much exactness, in respect of keeping the center of gravity witliin 
the base, as though they had been all arranged artificially. Each limb grows. 
In respect to all the others, in such a manner as to preserve a due balance be- 
tween the whole. 
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SECTION IV. 



EFFECTS OF 6RATITT AS DISPLAYED BY FALLTNG BODII& 



WhatisaYer 
tical Line? 



What is a 
Plumb Line? 



Fig. 25. 




98. When an unsupported body falls, its 
motion will be in a straight line toward the 

center of the earth. This line is called a Vertical 

Line. 

99. If a body be suspended by a thread, the 

thread will always assume a vertical direction, 
or it will represent that path in which the body would 

have fallen. A weight thus suspended by 
a thread, is called a Plumb-Line,* Fig. 25, 
and is used by carpenters, masons, etc., to 
ascertain by comparison, whether their work 
stands in a vertical or perpendicular position. 
What ia a 1^^. A plumb-liue is always 

Level Surface? perpendicular to the surface of 

water at rest. The position of such a sur- 
face we call Level. 

No two plumb-lines upon the earth's surface will be 
parallel, but will incline toward each other, since no two 
bodied from different points can approach the center of a 
^ sphere in a parallel direction. If their distance apart be 

one mile, this inclination will iimount to one minute, 
and if it be sixty miles, to one degree. In Fig. 26, 
let E E be a portion of the earth's surface, and D its 
center; the bodies A, B, and C, when allowed to 
drop, will £edl in the direction A D, B D, and C D. 

101. As the attraction of e- 

the earth acts equally and 

independently on all the 

particles composing a body, 
it is clear that they must all fall with 
equal velocities. It makes no difference whether the sev- 
eral particles fall singly, or whether they fall compacted 
together, in the form of a large or a small body. 

* Plumb line, ao oalled firom the Lattn word pfumbum, lead, the weight osaallf at* 
Uehed to flM string. 



•C 



Will all bodies, 
under the in- 
fitenccofgrav- 
by alone, fall 
vith equal ve* 
locities? 




H 



w£;li.8'8 natubal TnihOBOfnr. 



If ten or a hundred leaden balls be disengaged together, thej <will fall in 
tlie same time, and if they be molded into one ball of great magnitude, it 
will still fall in the same manner. 

102. Hence all bodies under the influence of gravity 
alone, must fall with equal velocities.* 

There are some familiar facts which seem FiG. 27, 
By what ex- , . , . , .rrr, , 

periinent can to be opposad to this law. When we let go 

jou^prore thU ^ feather and a mass of lead, the one floats 
in the air, and the other falls to the ground veiy 
rapidly. But in this case, the operation of gravity is modified 
by the resistance of the air ; the feather floats because the 
air opposes its descent, and it can not overcome the resistance 
offered. But if we place a mass of lead and a feather in a 
vessel exhausted of air, and liberate them at the same time^ 
they will fall in equal periods. The experiment is easily 
shown by taking a glass tube. Fig. 27, closed at one end, and 
supplied with an air-tight cap and screw-cock at the other. 
A feather and a piece of metal are previously inclosed in the 
tube. The tube being filled with au*, and inverted, the metal 
will fall with greater speed than the feather, as might be ex- 
pected. If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condition in- 
verted, the feather and. the metal will fall from end to end 
of the tube with equal velocity. 

103. If a man leap from a chair or table, 
he will strike the ground without injury. If 
the same man leap from the top of a high 
house, he will probably be killed. These, 
and many like instances, prove that the force 
with which a falling body strikes the ground depends upon 
the height from which it falls. But the force depends on 
the velocity of the body the moment it touches the ground ; 
therefore, the velocity with which a body falls depends also 
upon the height from which it descends. 



Upon what do 
the force and 
▼elocities of 
foiling bodies 
depend ? 



* Previous to the time of Galileo, the philosophers maintained that the Telocity of^- 
falling body was in proportion to its weight, and that if two bodies of unequal weigli^ 
were let fall from an elevation, at the same moment, the heavier would reach the ground 
as much sooner than the lighter, as its weight exceeded it. In other words, a body weigh- 
ing two pounds would fall in half the time that would be required by a body weisrhing oof 
pound. Galileo, on the contrary, asserted that the velocity of a falling body Is iudependai.t 
of its weight, and not affected by it The dispute running high, and the oj i.iiou of the 
public .being generally averse to the views of Galileo, he challenged his opponents to test 
the matter by a public experiment The challenge was accepted, and the celebrated leaning- 
tower of Pisa agreed upon as the plac3 of triaL In the presence of a large concourse, two 
balls were selected, one having exactly twice the weight of the other. The two were then 
dropped from the summit of the tower st the same moment, and, in exact accordaoM 
with the assertions of Galileo, they both struck the ground at the same instant 
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Jm Aim lt>4. Wben b bodj &1Ib, it is atlncted bj gnivitj during ^ 

m^U^ Ik^t^ tha whole tima <rf its CUling. Gravitj does not merely set | 

the bodf in moiioQ tuid UicD cease, but it continues to act 
During tbe first second of lime, the force of gnvit; will cause the body to 
descend tUrough a certain space. At tbe end of tbia time, the body would 
contiaue to move, with the motion it has acquired, witliout the action of any 
funher force, merely on account of its tnertja. But f^vity continuea to act, 
and will add as much more motion to (hs falliug body during tha secoLd 
second of time, as it did during the first seoond, and as much sgaio durug 
Oie third second, and so on. 

wiui* la tba ^^' 'f'^™? bodies, therefore, descend to 
Ljwrf biuug tbe earth with a unifomi accelerated motion, 

A body falling from a height will fall 16 feet 
in the first second of time,° three times that distance in 
the second, fire times in the third, seven in tbe fourth, 
the spaces passed over in each second increasing as the 
odd numbers 1, 3, 5, 7, 9, 11, etc. , 

How doei the 106, The entire space passed over by a body ' 
HS^.^^ in falling is as the square of the time ; that is, 
^"bodT iJ™! ^'* twice the time it will fall through four times a 
[xret the space ; in thiice the time, nine times the I 

space -t . ' 

The time occupied in falling, therefiwe, being known, tba height from whii^ I 
a body blla may be calculated by (he following rule: 



107, Multiply the square of the number of 
S'wrttiw ^^""^^ °^ time consumed in falling, by the 
■bleb > budf distance wh^ ;h a body will fall in one second of 

falli be round r "^ 

time. 
ThuB.astMie is five seooads in falling from tbe top of a precipice ; the square 
of fire seconds is 25; this multiplied by 16, the number of feet a body will 
EUl in one second, girea 400 — the height of the precipice 
n™ do the 108. As the effect of gravity is to produces 
aMSffrtiiS^ uniform accelerated motion, the velocity of & 
Bmp>rer falling body will increase as the time increases. 



u)iaran*ted.miidirltkecerbaDTelaelt7, irlU became eqntl (0 tbe welgbl of the ftlHng 
bodf. After tUi Uke* pUce. the hady irtU deiuiid with % uniform Telocity. Then 
b, tharefor^ ■ Unll la tbe leloclty wbich ■ bidr an a^qn're b^ falling thiooEh tbe 
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Thus, at the end of two seconds, the yelocitj acquired bj a falling body 
will be twice as great as at the end of one second, thrice as great at the end 
of the third second, and so on. 

Howarobodiei ^^^' Bodies projectcd directly upward, will 
wdt?flnen£d ^^ influenced by gravitation in their ascent, as 
bygrayitf? y^^jj ^g jjj their dcsceiit, but in a reversed 
Order ; producing continually retarded motion while they 
are rising, and continually increasing motion during their 
iill. 

Thus, a body projected up perpendicularlj into the air, if not influenced by 
tiie resistance of the air, would rise to a height exactly equal to that from 
which it must have Mien to acquire a final velocity the same as it had at 
the first instant of its ascent 

110. To determine the height to which a 
body projected upward will rise, with a given 
velocity, ascertain the height from which a 
body would fall to acquire the same velocity. 
The answer in one case will be the answer in 



How can we 
determine the 
hei^^twbidia 
bod 7 projected 
upward with a 
given Telocity 
willasoeod? 



the other. 



How do the 
times of ascent 
and descent 
compare? 



111. The time, also, which the ascending 
body would require to attain its greatest 
height, would be just equal to the time it 
would require to fall to the ground from that height. 

The fbUowing table exhibits an analysis of the motions of a falling body; 
the spaces passed over in each interval of time of falling, increasing as the 
odd numbers 1, 3, 5, 7, 9, etc. ; the velocities acquired at the end of each in- 
terval increasing directly as the times; and -he whole space passed over being 
as the squares of the times. 



Number of Seconds 

in the Fall, counted 

f.om n State of 

Real. 


Spaces faflen 
thronirh in eacli 


Veloci. les acquired 

at tlie End of 
Number of Seconds 


Total Height fallen 
tlirough from Rest 
in the Number of 


■ocoeMlTe Second. 


expressed in First 


Seconds expressed in 




Colnmo. 


First Coluoin. 


1 


1 


2 


1 


2 


S 


4 


4 


3 


5 


6 - 


9 


4 


T 


8 


16 


5 


9 


10 


25 


6 


IJ- 


12 


3« 


7 


14 


40 


8 


15 


1« 


64 


9 


17 


18 


81 


10 


19 


20 


100 



Where extreme accuracy is not required, most of the problems connected 
with the descent of falling bodies, may be worked with great readmess — 16 
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^et» the space passed tiirough bj a felling body in one second, being taken 
as the common multiple of distances and velocities. 

Thus, to ascertain the height from which a body would &U in 5 seconds, 
take in the fourth column of the table the number opposite 5 seconds, which 
is 25, and multiply it by 16; the product, 400, will be the' height required. 
Problems of this character may also bo worked by the rule given (§ 107). 

In the same manner, if it bo required to determine the space a failing body 
would descend through in any particular second of its motion, as, for exam- 
ph, the 5 th second, we take in the second column of the table the number 
opposite five seconds, which is 9, and multiply it by 16 ; the product, 144, is 
tbs space required. 

In like manner, if it be required to determine with what velocity a body 
would strike the ground afcer falling during an interval of 5 seconds, we take 
the number in the third column of the table opposite 5 seconds, which we 
find to be 10, and multiply this by 16. The product, 160 feet, will be the 
velocity required ; and a body thus falling for 5 seconds would have, when 
It strikes the ground, a velocity of 160 feet 

wh t win be ^^^' ^^ * ^^Jy instead of falling perpen- 
the velocity of dicularfy, be made to roll down an inclined 
down an lo- plane, free from friction, the velocity acquired 
at the termination of its descent, will be equal 
to that it would acquire in falling through the perpen- 
dicular height of the inclined plane. 

Fig. 28. Thus, the velocity acquired in rolling down the whole 

length of A B, Fig. 28, is equal to that it would acquire 
by fiilling down the perpendicular height A C. 

113. The great Italian philosopher Gahleo, auring the 
g early part of the 17 th century, had his attention directed, 
while in a church at Florence, to the swinging of the 
diandeliers suspended from the lofty ceiling. He noticed tnat when they 
How, and by ^®^ moved from their natural nosition ny any disturbmg 
whom waa the cause, they swung backward and forward in a curve, for a 
pend^m dis- j^^^ ^^^ ^^ ^^j^ ^^^^ uniformity, nsmg and felUng alter- 
nately in oppofflte directions. His inquiry into the cause of 
the83 motions led to the invention of the pendulum, the tneoiy of which may 
be explained as foUows : 

Explain tbe 114. All bodies will have their motion as much accelerated 

theory of the whilst descending a curve, as retarded whilst ascending. Let 

pendulum. A B be a curve. Fig. 29. If a 

ball be placed at C, the attraction of gravitation ^^* ' 

will cause it to descend to A, and in so doing it 

will acquire velocity sufficient to carry it to B, 

all opposing obstacles being removed, such as 

Unction. aiMl resistanbe of the air. Gravitatkm 
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Fia. 30. 
A 



Hov do the 
times of the yi- 
brations of a 
pendulum com- 
pare with each 
other? 



\ 




will onoe more bring it down to A ; it will then rise iagain to 0, and so m^ 
tinue to oscillate backward and forward. 

If we now suspend the ball by a string, or 
wire, in such a manner that it will swing 
freely, its motions will bo the same as that 
of the ball rolling upon the curve. . A body 
thus suspended is called a Pendulum. In 
Fig. 30, D C, the part of the circle through 
which the pendulum moves, is called its are, 
and the whole movement of the ball from D 
to C is called an osciUatUm. 

115. The times of the 
vibrations of a pen- 
dulum^ are very nearly 
equal, whether it 

moves much or little ; or, in 

other words, through a greater, or less part of its arc. 

„ , , ^, The reason that a large vibration is performed in the same 

Explain the . ,, ... , , 

reason of this time as a small one, or, m other words, the reason the pendu- 

**^- lum always moves faster in proportion as its journey is longer, 

is, that in proportion as the arc described is more extended, the steeper are 
the declivities through which it falls, and the more its motion is accelerated. 
Thus, if a pendulum. Fig. 30, begins its motion at D, the accelerating force is 
twice as great as when it is set free at h ; and if we take two pendulums of 
«qual lengths, and liberate one at D and another at h at the same time, they 
will arrive at the same moment at E. 

116. This remarkable property of the pendulum enables us 
to employ it as a register, or keeper of time. A pendulum of 
invariable length, and in the same location, will always make 
the same number of oscillations in the same time. Thus, if 
we arrange it so that it will oscillate once in a second, sixty 
of these oscillations will mark tbe lapse of a minute, and 3,600 an hour. 

A common clock is, therefore, merely an arrangement for 
mon clock?™' registering the number of oscillations which a pendulum 
makes, and at tbe same time of communicating to the pendu- 
lum, by means of a weight, an amount of motion sufficient to make up Ibr 
what it is continually losing by friction on its points of support, and by the 
resistance of the air. 

The wheels of the clock turn round by the action of the weight, but they 
are so connected with the pendulum, that with every double oscillation a tooth 
of the last wheel is allowed to pass. I? now, this wheel has thirty teeth, as 
is common in clocks, it will turn round once for every sixty vibrations. And, 
if the axis of this wheel project through the dial-plate or face of a clock, with 
a hand fastened on it, this lumd will be the second hand of the clock. The 
other wheels are so connected with tb# first, and the number of teeth lo pro- 



Horr ^oes this 
piropertyof the 
j;)6ndulum en- 
able us to reg- 
ister time? 
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portioiied, that the sscood one turns sixtj times slower than the first, and 
this will be the minute hand ; a third wheel moving twelve times slower than 
the last will constitute the hour hand. 

H w does a '^ watch differs from a clock in havmg a vibrating whed m- 
w&fcch differ Stead of a vibrating penrMwrn. This wheel, called the balance- 
from a dock? ^jaheO^ is moved by a spriiig which is always forcing it to a 
middle position of rest, but does not fix it there, because tlie velocity ac- 

YiQ, 31. quireu doriog its approach fit)m 

p, ^ either siUc to the middle position, 

carries it just as &r past on tbo 
other side, and the spring has to 
beg^ its work again. The bal^ 
cmce-whcel at each vibration allows 
one tooth of the adjoining wheel to 



Ti^ 




rm 




pass, as the pendulum does in a dodc, and the record of the beats is pre- 
served by the wheels which follow, as already explained for the clock. 
. Fig, 31 represents the arrangement used to keep up the motion in a watch. 
'The barrel, or wheel A, incloses a spring, which, when compressed by wind- 
ing up, tends to liberate itself or unwind, in virtue of its elasticity. This 
effort to unwind, turns the barrel upon its axisi, and thus, by means of a chain 
coiled round it, motion is communicated to tlie other wheels of the watch. 

117." The lenojth of a pendulum influences 

What influ- . /. . m • it i 

snce has the the time of its vibration : the lon<^er the pen- 
duium on ita dulum the slower are its vibrations. 

^oQf The reason why long pendulums vibrate more slowly than 

short ones is, that in corresponding arcs, or paths, the ball of 
the long pendulum has a greater journey to perform, without having a steeper 
line of descent 

What is th ^^®* ^^^® *^® * pendulum rod, Fig. 32, A D, having balls 

center of oscii- upon it at C and D, and 'cause it to vibrate, the ball, B, being 
d5**" *?* ^°" Dearer to the point of suspension, will tend to perform 
its oscillations more quickly than the ball C. In like 
manner, every other point on the pendulum rod tends to complete its ^ 
oscillations in a different time ; but as they are all connected together 
mflexibly, all are compelled to perform their oscillations in the same 
time. But the action of the portions of the rod near to the ball, B, 
is to accelerate the motion of the pendulum, and the action of the b Q 
portions of the rod near to the ball C, is to retard it ; therefore a point 
may be found where all these counteractions will balance one an- 
other, or be neutralized, and this point is termed the Center op Os- 
cillation, and the sum of the momenta of all the portions of the ^ (S 
rod on each side of this point will balance. The center of oscillation 
does not correspond with the center of gravity, but is always a little 
below it ; the practical method of bringing them near together, is to 
make the rod light, and the termination of the pendulum heavy. ^ 
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whjaocio.*. 119- -A-s heat expands, and cold contracts 
SinilJ^Sn Is 'I'l mctala, a pendulum rod is longer in wartn 
imiinieK than in oolJ weather ; licncc, clocks gain limo 

in winter, and Ijsc i[i the Bummcr. 

As tlio emaliest change \a tho length of a Fio. 33. 
Jfi^HJJ.^'J^ ihB pendulum allcre tho role of a clock, it is highly 
]!-itE»i of pen- impDTt^uit, rorthomamtainingcrumronD tlmo, 
SBMtcd f™""' that tho expaoEioQ and contmotion of pendu- 
lums, caused by changes in tempcrotar^ 
should bo counteracted. For Ihia purpose various contriv- 
aaces have been employed. Tho one most commonly em- 
ployed at the present timo ja the mercurial pendulum, whicit 
13 constructed ns follows : The pendulum rod, A B, Fig. 33, 
supports a gla^ jar, G 11, containhig mercury, inclosed in a ] 
steel ff^ne-work, F C D E. When the weather is warm, the 
¥l(3 34. 6^^^ r^ ""'i frame-ivork espand, and thus in- 
= crease tho length of the pendulum, and de- 
I press tho center of oscillation. Bu(, at the 
MBiime t!mo, the mercury contained in the jar also 
■ expands, and rises upirard; and thus, by a 
I proper adjustment, tho center of osdllation la 
I carried as lar upward in one direcCicn,a8doii-n- 
] ward in tho opposite direction, or tlio expansion ___ 
n both directions is equal, and tho vibrxitioDS ^ 
)f tlio pendulum remain nnnllered. Another form of pendn. 
H'luai, called the "gridiron p-^ndulum," Fig. 34, ia compiraed of 
fj rods ofdilTercnt metals, which expand unequally under the same 
' changes of temperature, and, by counteraction, keep the length 
of the pendulum constant 

Ho* do the l"^*^- -^^ ^b° force of gravity determines how 
iho'^f^ o"f '"^"S ^^^ pendulum shall he in falling down its 
Se'r^mitaa ^''^) ""'^ *'"^ time also of its rising in the 0[j- 
ofipeiduiamf posito direction (since the hall of the pendu- 
lim, ns already stated, may he considered as a body de- 
Bc^ncling by its weight on a slope), it follows, that the time 
of vihration of a pendulum will vary as the attraction of 
gravity varies. 

Where will i '^'"' ^^""^ p:?ntlulum will vibrate more blowly at the eqUft- 

pcndiilmn of ■ tor than at the pole?, because the attraction of gravitation is 
Tdbriie t?ow. ''^^ powerflil at the equator. Therefore a pcndiilum to vi- 
fflt. mil where brate once in a Second, must be shorter at (he rqiiator than 
at the poles. Corresponding repalts lake place when a pen- 
dulum is carried to a mountain-top, away ftom the center of the earth, which . 
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is the center of attraction, or when carried to the bottom of a mine, where 
it is attracted both by matter above it and below it 

What la the 121. The IcDgth of a pendulum that wi.l 
on^^^^^ndSl descrihe sixty oscillations in a minute, each 
lam? oscillation having the duration of a second, 

h, in the latitude of Greenwich, England, 39.1393 inches 
in length ; one to vibrate in half seconds must measure 
17848, or rather more than 9 J inches. 

At the pole it would require to be somewhat longer ; at the equator some- 
what shorter. A pendulum that vibrated seconds at Paris, was found to re^ 
quire lengthening .09 of an inch in order to perform its vibrations in the same 
time at Spitzbergen. 

How may the 122. Tho length of a pendulum vibrating 
olTd^^^pwi'd^ seconds being always invariable at the sam^ 
L"?toSdSS*" place, since the attraction under the same 
measure? cifcumstances is always the same, it may be 

used as a standard of measure. 

This application has already been described under the section "Weight (g 6*1). 

The duration of tbe oscillation of a pendulum is not aflected by altering the 
weight of the ball, since all bodies moving over the same space, under the 
influence of gravitation, acquire equal velocities. 

How do the 123. The lengths of different pendulums, 
dii^^^blStl vibrating in unequal times, are to each other 
tiSMomlliure? ' ^ *^® squares of the times of their vibration. 

Thus a pendulum, to vibrate once in two seconds, must 
have four times the length of one that vibrates onca in one second ; to vibrate 
once in three seconds, it must have nine times the length, etc. — the duration 
of the oscillation being as the whole numbers, 

1, 2, 3, 4, 5, 6, 7, 8, 9. 
The length of the pendulum will be as thf<ir squares. 

1, 4, 9, 16, 25, 36, 49, 64, 81. 
* A pendulum, therefore, that will vibrato once in nine seconds, must have 
S length of 81 timea greater than one vibrating once in one second. 

PRACTICAL PROBLEMS ON THE THEORY OF FALLING 

BODIES. 

L A stone let taXL from the top of a tower struck the earth in two seconds ; how high 
vas the tower 'f 

2. Hov far win a body acted upon by gravity alone, fall in ten seconds ? 

3. Hov deep is a well, into which a stone being dropped, ^i^aches the surface of tbe 
▼star In two leoonda, the depth of the water in the well beiiw^ ^^ (eett 
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4. If a body be projected downward with a velocity of twentj-tvo fiet in Um flnt 

ond of time, how far will it fall in eight seconds ? 

The multiple in this case will bo the distance fallen through in the first tecond. 

5. What space will a body pass through ia the fourth second of its time of falling? 

6. A body falls to the ground in eight seconds \ how large a space did it pass orer diD» 
ing the last second of its descent ? 

7. A body falls from a height in eight seconds ; with what Telocity did it strike ths 
ground ? 

8. A cannon-ball fired upward, continued to ri% for nine seconds; what was itsyelooRf 
during the first second, or with what force was it projected? 

9. Suppose a bullet fired upward from a gun returned to the earth in sixteen Moonds; 
how high did it ascend ? 

The time occupied in ascending and descending being equal, the bodj rose to audi % 
heiijht that it required eight seconds to descend from it The square of 8=64. This 
multiplied by the space it would fall in the first second, IG feet = 924 feet 

10. A bird was shot while flying in the air, and fell to the ground in three ■eeonds. 
How high up was the bird when it was shot ? 

11. What must be the length of a pendulum to vibrate once in seven seeoads ? 

12. If the length of n pendulum to vibrate seconds at Washington is 89.101 inches, bov 
long must it be to vibrato half seconds? How long to vibrate quarter seconds? 



CHAPTER V. 

MOTION. 

What is Mo- 124. Motion is the act of changing place. 

*^o° ^ If no motion existed, the universe would be dead. There 

would be no alternation of the seasons, and of day and night ; no flow of 
water, or change of air ; no sound, light, heat, or animal existence. 

125. Motion is Absolute or Relativk. 

WTiat is Ab- 

solute and Rei- ABSOLUTE MoTiON is a changG of position in 

ative Motion ? • -i t • i i , n 

space, considered without reference to nny 
other body. Relative Motion is motion considered in 
relation to some other body, which is either in motion of 
at rest. 

Thus the motions of the planets in space are examples of Absolute Motion, 
but the motion of a man sitting upon the dfeck of a vessel, while sailing, ia 
an example of Relative Motion, since he is in motion as respects the land, 
but at rest as regards the parts of the vessel. Rest, which is the opposite 
of motion, so far as we know, exists only relatively. "We say a body on the 
surface of the earth is at rest, when it maintains a constant position as re» 
gards some other body ; but at the same time tliat it is thus at rest, it partakes 
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ef tbe motion of tfae earth, which is alwajia reToWing. We do not, therefbi^ 
TeaHy know M)J bodj to be in a glate oraJ:»olute reat 
Doflne rnj. 126. A luoving bo(iy may have a Uniform 
^j aSttoi" o' * Variable Motios. Uniform Motiok is 
the motion of a body moviDg over equal 
spaces in equal times. Variable Motion is the mo- 
tion of a body moving over unequal spaces in equal 
times. 

wh«t b Ae- 127. When the spaces passed over in equal 
S^Srted u' times increase, the body is said to possess Ac- 
"•"' OBLKRATED MOTION ; when they diminish, the 

body is said to possess Retarded Motion. 

A elone TaMog tbrough the air is an example of Accelerated Motion, since, 
acted upon b/ the Ibrce oT gmvity, ila rate <^ motion constantly increases ; 
while the ascent oTa stone pngected rrom tlie band, is an example of Ke- 
tarded Motion, its upward oobon coutinualt; decreasiug. 

whiiiiPawer 128. When a body commences to move from 
JS^f He»iit- a g(jj(;g of jggt^ „g assign some force as the 
cause of its motion ; and a force acting in such 
a manner as to produce motion, is generally termed 
" Power." On the contrary, a force acting in such a way 
as to retard a moving body, destroy its motion, or drive 
it in a contrary direction, is termed Resistance. The 
cbief forces which tend to retard or destroy the motion of 
a body are Gravitation, Friction, and Resistance of 

THE AlB. 

wkat ii Vf 129. The speed, or rate, at which a body 
*°^*^' moves, is termed its Velocity, 

Moving bodka paaa over their paths with different d^rreea of speed ; one 
niftj pan through ten feet in a .second of time, and anotlier tlirough a liun- 
dred &et in tt>e seme period. We say, therefore, that tbey have difTerent 
reiodtiea. 

The Telocilj of a moving body !« estimated by the time it occupies !■ 
noting oTer a gifeo space, or b; the spaca passed over in a given time. Th^ 
V(N the time and the greater the space moved over in that time, the greater 
Ihe Telocity. 

Bw do »• 130. To ascertain the Velocity of a mov- 
jSS^ ef^ iig body, divide the space passed over by the 
•""^ >»«r' time consumed in moving over it 
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• 

Thus, if a bodj moves 10 miles in 2 houra, its yelodfy is (bond bjfi> 
viding the space, 10, by tbe time, 2; the answer, 6, gives the vekxatyper 
hour. 

How can we 131. To ascertain the Space passed over by 
^S^JaeiSd a moving body, multiply the velocity by tbe 

in motion? IIUIU 

Thus, if the velocity be 10 miles per hour, and the time 11 
hours, the space will be 10 multiphed by 15, or 150 miles. 

How is the 132. To ascertain the Time employed byfc 

b™ a ^*dy *1S ^^^y ^^ motion, divida the space passed over 

Sl^'^ed"? "^" l>y the velocity. 

Thus, if the space passed over be 150 miles, and the ve* 
locitj 10 miles per hour, the whole tune employed will be 150 divided hf 
10=15 hours. 

What is Mo- 133. The Momentum of a body is its quan* 
mentum? |j|.y ^f motioD. Momcntum expresses the 
force with which one body in motion would strike against 
another. 

That a mass of matter moving in any manner exerts a oo^ 
' Momentum.**' *^*^ ^^'^ against auy object with wliich it may come in ooo" 
tact, is a principle of Natural Philosophy which experienoB 
teaches us most frequently and most readily. The child has hardly emeiged 
from the nurse's arms, before it becomes conscious of the force with wUch 
it would strike the ground if it fell. We take advantage of momentam, or 
the force of a moving body, in almost all mechanical operation& The nwT^ 
ing mass of a hammer-head drives or forces in the nail, shapes the iron, bieata 
the stone ; the force of a moving mass of water gives strength to a tomnl 
and turns the wheel ; the force of a moving mass of air gives strength to At 
wind, carries the ship over the Ocean, forces round the arms of a windrmiD. 

Is motion im. 134. WhcH a body is caused to move, the 
thr^'Vrtici*" motion is not imparted simultaneously to 
toe^siSt^ip.' every particle of the body, but at first only to 
»'»n'^ the particles which are directly exposed to the 

influence of the force — for instance, of a blow. From 
these particles, it spreads to the rest, 

„ A slight blow is sufficient to smash a whole pane of f^Ktti 

illustrate this while a bullet from a gun will only make a smaU round boll ' 
***^^ in it, because, in the latter case, the particles of glass that !•• ■ 

ceive the blow are torn away from the remainder with such rapidity, that tbe 
motion imparted to them has no time to spread further. A door standing opeiL 
which would readily yield on its hinges to a gentle push, is not moved by » 
lannon-ball passing through it The ball, in passing through, overoomea tfat 
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whole force of oohedon among^ the atoms of wood, but its force acts for so 
short a time, owing to its rapid passage, that it is not sufficient to afiect the 
inertia of the door to an extent to produce motion. The cohesion of tho part 
of the wood cut out by the ball would have borne a very great weight laid 
quietly upon it; but supposing the ball to flj at the rate of 1200 feet in a 
second, and the door to be one inch thick, tlie cohesion being allowed to act 
for only the minute fraction of a second, its iuHuenco is not perceived. 
• It is an effect of tliis same principle, that the iron head of a liammcr may be 
diiven down on its wooden handle, by striking the opposite end of the 
baodle against any hard substance with force and 8p3ed. In this very simple 
openition, the motion is propagated so suddenly through the wood of the han- 
dle, that it is over before it can reach the iron head, which therefore, by its 
own inertia^ sinks lower on the handle at every blow, which drives the han- 
dle up. 

HovfstfaeMo. 135. The Momentum, or force, which a mov- 
SISf*™cSca- ^°S body exerts, is estimated by multiplying 
*■***' its mass or quantity of matter by its velocity. 

Thus, a body weighing 10 pounds, and moving with a velocity of 500 feet 
in a second, will have a momentum of (10 X 500) 5,000. 

,^ , 136. The velocity being the same, the mo- 

^IS^n ***S* ™60tum, or moving force of a body, will be 
MomentOTB of dircctly proportionate to the mass, or weight ; 
v^tandre- aod the mass or weight remaining the same, 
the momentum will be directly proportionate 
to the velocity. 

Thus, if 2 leaden balls, each of 5 pounds* weight, move with a velocity of 
5 ifiiles per minute, the momentum, or striking force of each, will be 25 ; 
If now the two balls, molded into one of 10 pounds' weiglit, move with the 
same velocity of 5 miles per minute, the momentum, or striking force, will 
be 50, since with the same velocity the mass, or weight, will be doubled. If, 
on the contrary, we double the velocity, allowing the weight to remain the 
same, t'.e same effect will be produced ; a ball of 5 pounds, with a velocity 
.of 5, will have a momentum, or striking force, of 25 ; but a ball of 5, with a 
rvekxaty of 10, will have a momentum of 50. 

How can a ^37. A Small, or light body, may be made 

-Mtoo'teLkie ^ strike with a greater force than a heavier 

na^fol^i^a body, by giving to the small body a suflScient 

higBone? velocity. 

Illustrations of these principles are most familiar. Hail-stones, of small 
mass and great velocity, strike with sufficient force to break glass, and de- 
stroy standing grain ; a ship of huge mass, moving with a scarcely percept- 
-ftle velooity, crushes in the side of the pier with which it comes in contact. 
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SECTION I. 

ACTION AND REACTION. 



What is meant 



138. When a body communicates motion 
by"ActionTnd to another body, it loses as much of its own 

BeactioQ f •' . . v i_ 

momentum^ or force, as it gives to the other 
body. We apply the term Action to designate the power 
which a body in motion has to impart motion, or force, to 
another body ; and the term Beaction to express the 
power which the body acted upon ha!s of depriving the 
acting body of its force, or motion. 

What is the 139. There is no motion, or action, in the 
Action iJdR?- universe without a corresponding and oppo- 
action ? gj|.g action of equal amount ; or, in other words, 

Action and Reaction are always equal and opposed to 
each other. 

What r II ^^ * person presses the table with his finger, he Csels a re- 

lustrations of sistance arising from the reaction of the table, and this'ooim- 
action ?*"^ ^®" ter-pressure is equal and contrary to the downward pressore. 
When a cannon or gun is fired, the explosion of the powder 
which gives a forward motion to the ball, gives at the same time a backward 
motion, or " recoil," to the gun. A man in rowing a boat, drives the water 
astern with the same force that he impels the boat forward. 

To what is the ^^O. Thc quantity of motion in a body is 
2J{ft?o„^in^a measured by the velocity and the quantity of 
tio^te?"'*^'''' matter it contains. 

A cannon-ball of a thousand ounces, moving one foot per 
second, has the same quantity of motion in it as a musket-ball of one ounce, 
leaving the gun with a velocity of a thousand feet per second. The momen- 
tum, or quantity of motion, in the musket-ball being, however, concentrated 
in a very small mass, the effect it will produce will be apparently much 
greater than that of the cannon-ball, whose motion is diffused through a very 
large mass. This explanation will enable us to understand some phenomena 
which at first appsar to contradict the law, that action and reaction are always 
equal, and opposed to each other. 

Thus, when we fire a bullet from a gun, the gun recoils back with as much 
force as the bullet possesses, proceeding in an opposite direction. The reason 
the efiects of the gun are not equally apparent with those of the ball, is that 
the motion of the gun is diffused through a great mass of matter, with a 
vnall velocity, and is, therefore, easily checked ; but in the ball the motion 
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ifl ooncentrated in a yerj small compass, with a great velocity. A gun recoils 
more with a charge of fine shot, or sand, than with a bullet. The explanation 
of this is, that with a ball the velocity is communicated to the whole mass 
cU once^ but with small shot, or sand, the velocity communicated by the ex- 
plosion to those parUcks of the substance imTnediately in contact toUh the powder^ 
is greater than that received at the same instant by the outer particles; con- 
^uently, a larger proportion of exj^osive force acts momentarily in an oppo- 

«te direcCioiL 

Fia. 36. 





We have an illustration of this same principle, when we attempt to drive a 
nail into a board having no support behind it, or not sufficiently thick to offer 
the necessary resistance to the moving force of the hammer, as is repre- 
Bented in Fig. 35. The blows of the hammer will cause the board to unduly 
yield, and if strong enough, will break it, but will not drive in the nail. The 
object 18 attained by applying behind the board, as in Fig. 36, a block of wood, 

Fig. 36. 
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or metal, against which the blows of the hammer will be directed. B7 
adopting this plan, however, no increased resistance is opposed to the blows 
of the hammer, the momentum, or moving force of which is equaUy imparted 
in both cases ; but in the first case, the momentum is received by the board 
alone, which, having little weight, is driven by it through so great a space 
as to produce considerable flexure, or even fracture ; but in the second caa^ 
tho same momentum being shared between the board and the block behind it; 
will produce a flexure of tho board as much less as the weight of the board 
and block applied to it together, is greater than the weight of the board akmei 
The same principle serves to explain a trick . sometimes exhibited in 
feats of strength, where a man in a horizontal position, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, which 
is then struck by sledge-hammers. The reason the exhibitor sustains no 
injury from the blows, is that the momentum of the sledge is distributed 
equally through the great mass of the anvil, and gives to the anvil a downr 
ward motion, just as much less than the motion of the sledge, as the mass of 
the sledge is less than the mass of the anvil Thus, if the weight of the an- 
vil be 100 times greater than the weight of the sledge, its downward motioB 
upon tliebody of tho exhibitor will bo 100 times less than the motion with 
which the sledge strikes it, and the body of the exhibitor easily yielding to 
so slight a movement, and also resisting it by means of the elasticity of the 
body, derived from its peculiar position, escapes without injury. 

When is the 1^1. WhcD two bodies come in contact, the 
bodS^^s^fd to collision is said to be direct, when a right line' 
be direct? passing thfough their centers of gravity passel 
also through the point of contact. 

The center of gravity in such cases corresponds with the center of col' 
lision ; and if such a center come against an obstacle, the whole momenton 
of the body acts there, and is destroyed ; but if any other part hit, the bod/ 
only loses a portion of its momentum, and revolves round the obstacle as a 
pivot, or center of motion. 

When two in- 142. When two non-elastic bodies, moving 
comelnt^cIS! ^^ oppositc dircctioDS, comc into direct collision, 
u4on,whatoc- ^hey will each lose an equal amount of mo- 
mentum. 

xience, the momentum of both after contact, will be equal to the difiTereon 
of tlie momenta of the two before contact, and the velocity after contact will 
be equal to the diflerence of the momenta divided by the whole quantity of 
matter. Let the quantity of matter in A be 2, and its velocity 12 ; its mo- 
mentum is, therefore, 24. Let the quantity of matter in B be 4, its velocity 
3; its momentum will be 12. The momentum of the mass after contact, on 
the supposition they move in opposite directions and come in direct col- 
lision, will be the difference of the two momenta, or 12 ; and the velocity of 
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Fig. 37. 



To what will 
the shock of 
eoIlMonoftiro 
bodies coining 
in contact be 
eqaiTalent ? 



the mass will be its momentum divided by the quantity of matter, or 1 2 di- 

Yided by 6, which is 2.* 

If two non-elastic bodies, as A imd B, Fig 37, be suspended from a fixed 

point, and the one be raised toward Y, and the other toward X, an equal 

amount, they will acquire an equal force, or momentum, in falling down the 

^ 1 1 xm. arc, provided their masses are equal; 

Explain the re- , .,, . , . 

■alto of the col- and will by contact destroy each 

SblSteJ!*'***' other's motion, and come to rest. 
If their momenta are unequal, they 
\7ill, lifter contact move on together, in the direction 
of the body having the largest quantity of motion 
with a momentum equal to the difference of the 
momenta of the two before collision. 

143. The force of the 
shock produced by two « 
equal bodies coming in »^^^^^^^^^^^ 
contact with equal velocity, ' > . o » « * 
will be equal to the force which either, being at rest, would 
sustain, if struck by the other moving with double the 
velocity ; for reaction and action being equal, each of the 
two wUl sustain as much shock from reaction as from ac- 
tion. 

If a person running, come in contact with another who is 
''^priocipl^ Standing, both receive a certain shock. If both be running 

at the same rate in opposite directions, the shock is doubled. 
In combats of pugilists, the most severe blows are 
those struck by fist against fist, for the force sustained 
by each in such cases, is equal to the sum of the 
tarcea exerted by the two arms. If two ships, mov- 
ing in contrary directions at the rate of 20 miles per 
boar, come in collision, the shock will be the same as 
if one of them, being at rest, were struck by the 
other, moving at 40 miles per hour. 

144. If we suspend two balls of 

some non-elastic substance, as clay or 

putty, by strings, so that they can 

move freely, and allow one of the 

balls to fall upon the other at rest, it will communicate to 
it a part of its motion, and botl; balls, after collision, will move on together. 



Fig. 38. 



If one inelastic 
body eomes ii 
eontaet with 
another at rest, 
what occurs ? 




• This whole raljeet, nsnally considered dry and uninteresting, will bo. found to posseRS 
a new interest, if the student will make himself a few simple experlQ^^^^^' ^y suspending 
ieadan balls by the side of a graduated arc, as in Fig. 37, and ^\\&w them to fall under 
diflEerent conditions. The length of the arc through which th^^ ^^ wUl b* found to b« 
" mcMim cf the force with which they will strike. 
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Tbe qn&nti^ ot iDOt[on wUl remain unchanged, the one having g^ned m 
much aa the other has lost; so that tbe two, if equal, will have half the td- 
lodty after coUiBJon that the moving cok had when alone. Fig. 3B represents 
two lialla of cla;, E and I>, non-elastic, ofequal-we^t, suspended b; string! 
If tbe t>all D be raised and let lall against tbe ijaU E, a part of its motion wjl 
be communicated to E, and both together will move on to « £ 
Wha hre 1^^- ^^ *^ suspend two tnlls, A aud B, Pig. 39, of soma 

elulic ^>^ elaatie aubstance, as ivory, and allow them to iall with eqnal 
U^on, whitoe. masses and velocities from the points X and Y on the an; 
they will not come to rest after oolMoo, bnt wiH need* 



e sftme velociCf which each 



Fio. 39. 



Whtt 



icbodUo? 



from each other with 
had before contact. 

The reason of this 

highly elastic bodies, ~ contrary to 

what takes place in non-elastia 

bodicB, is this: the elastic sub- 

ftancea are compreEsed b; the force 

]f the shock, but instantly recover- 
ing their former shape in virtue of their elaslioity, 
they spring bai^k, as it were, and react, each giving 
(o the other an impulse equal to the force which 
caused its comprtssion. 

Suppose the ball A, however, to strike upon tbe 
ball B at rest; then, atler impact, A will remain at 
rest, but B will move on with the same volocity as A bad at 
contact. In this case the reaction of elasticity causes the ball A to atop, and 
the ball B ta move forward with the motion which A bad at the instant d 



Tbe same lact may be lUustTsted 
by 8U3pendiog a number of elsstia 
balls of equal weight, as represented 
in Fig. 10. If the ball H be dravi 
out a certain distance,, and let Gd 
upon G, the neit in order, it wiS 
motioQ to 6, and 
reaction from it, which wiE 
destroy its own motion. But tbe 
ball B can not move without moving 
F; it will, therefore, communicate 
receive from F a reaction which wiB 
received by eacfc 
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it received fi-om G to F, and 
In Uke manner, the ma 
of the balls E, D, C, B, A, until the last ball, K, is reached ; but there being 
no ball beyond II to act upon it, E will fiy off as tar Irom A, as E wtf 
dnwn^nrt from 0. 
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SECTION II. 



What is the 
deneef 



Whmt is the 
Angle of Ee- 



BBFLECTED MOTION. 

What te Re- ^^6. When any elastic body, as an ivoiy 
fleeted Motkmf jj^j}^ jg thrown agaiost a hard smooth surface, 

fae reaction will cause it to rebound from such surface, 
and the motion it receives is called Reflected Motion. 

In what man. ^^*^' ^^ *^® ^^'1 ^ projCCtcd perpCudlCU- 

^Tii«*bod7 larly, it will rebound in the same direction ; 
he reflected? jf [^ ]yQ projected obliqucly, it will rebound 

obliquely in an opposite direction, making the angle of 
incidence equal to the angle of reflection. 

148. The Angle of Incidence is the angle 
formed by the line of incidence with a perpen- 
dicular to any given surface. 

149. The Angle of Eeflection is the 
angle formed by the line of reflection with a 
perpendicular to any given surface. 

Thus, in Fig. 41, let B E be a smooth, flat 
sur&ce. If the ball, A, be projected, or thrown 
ji upon this surface, in the direction A C, it will 
rebound, or be reflected, in the direction C F. 
In this case, the line A G is the line of inci- 
dence, and the angle A D, which it makes 
with a perpendicular D C, is the angle of inci- 
denca In like manner the line C F is the lino 
of reflection, and the angle D C P the angle of 
reflection. If fhe ball be projected against the surface, B 0, in the direction 
B C, perpendicular to the surface, it will be reflected, or rebound back in the 
lame straight line. 

150. The Angles of Incidence and Ee- 
flection are always equal to one another. 

Thus, in Fig. 41, the angles A C D and F C D are equal. 

151. An Angle is simply the inclination of 
the lines which meet each other in a point. 

ksrisedependf rphc sizc of the auglc dcpeuds upon the open- 
ing, or inclination, of the lines, and not \xpon their length. 




What propor- 
tion exists be- 
tveen the an- 
l^?sofincidence 
sod reflection f 

What is an 
Ingle, and op- 
oa wbst does 
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In what con- The skill of the player of billiards and bagatelle depends 
of the Game of upon his dexterous application of the principles of incident 
Billiards? and reflected motion, which ho has learned by long-continued 

experience, viz., that the angle of incidence is always equal to the angle 
of reflection, and that action and reaction are equal and contrary. An illus- 
tration of the skillful reflection of billiard balls is given in Fig. 42, which rep^ 
resents the top of a billiard-table. The ball, P, when struck by the stick, Q^ 

Fig. 42. • 





■Vv* 



is first directed in the line P 0, upon the ball P', in such a manner, t^ 
reflected from it, it strikes the four sides of the table successively, at the 
marked 0. and is Anally reflected so as to strike the third ball, P''. At . 
of the reflections from the ball P', and the four points on the side of thetabk^ 
the angle of incidence is exactly equal to the angle of reflection. 

152. Imperfectly elastic todies oppose the 
momentum of bodies in motion more perfectly 
than any others, in consequence of their yield- 
ing to the force of collision without reacting ; 
opposing a gradual resistance instead of a sud- 
den one. 

Hence a feather-bed, or a sack of wool, will stop a bullet tnuch more ef- 
fectually than a plate- of iron, from its deadening^ as it is popularly called, the 
force of the blow. 



Why are Im- 
perfectly elas- 
tic bodies pecu- 
liarly fitted to 
oppose and de- 
stroy xnomen- 
turn? 



SECTION III. 



COMPOUND MOTION. 



What is Sim. 153. A body a<;ted upon by a single force, 

pie Motion? movcs ill a Straight line, and in the direction 

of that force. Such motion is designated as Simple Mo^ 

TION. 
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niMifmta aim- "* '^' floaling apoD the water is driven eiactlf sootb by 

pLE Hatian. s wind blowing aouth. A ball fired from a cohdod takes the 
exact direction of the bore of tbe caanoo, or of the foroe 
which impela it. 

whM i» Com- 154. When a body is acted upon by two 
pound Mouoni f^j^g ^j j^g ^^^ ljjj,g^ ^^ j j^ different di- 
rections, as it can not move two ways at once, it takes a 
middle course between the two. Such motion is termed 
Compound Motion. 

wbot ii (be ^^^' "^^^ course in which a body, noted 
tS3"U»i^u' "P**" ''y''^*' '^^ '"*"^ forces, iicting in different 
™ "^uadf" •1''**'*^''°^! ^ill move, is called the Bbbultant, 
or the Resulting Direction. 
piQ. 43. In Fig. 43, if a body, A, be acted upoa 

at the samo time by two forceB, one of 
which would cause it to move in the di- 
rection A Y, over the space A B, in one 
second of tune, and tlie other cause it to 
move in the direction A X, over the space 
A C, in one second; then the two forcea, 
acting upon it at tlie same instant, will 

cause it lo move in a Eeault^it Direction, 

^™ A D, in one second. This direction is the 
diagonal of a parallelogram, which has for ita sides the lines A B, A C, over 
which the body would move if acted upon by each of the forces separately. 
^^ 1S6. The operations of evcrj-day life afford nuinerou-f exam- 

BiWir Eiun- pies of Resultant Motion. If we attempt to row a boat across 
f*"^^?"- a rapid river, the boat will bcsubjected to action of two forces ; 
viz., the action of the oars, whicti tend to drive it across the 
river in a certain Ume, as ten minutes, in a straight line, as from A to B. Pig, 
i3, and the action of the current which tends to carry it down the stream a 
certain distance in the samo time, as from A to C. It will, therefore, under 
the influence of both tlieso forces, move diagonally across the river, or in tho 
direction A D, and arrive at D at the espiration of the ten minutes. When 
we throw a body from the deck of a boat in motion, or from a railroad ca?^ 
(he body partakes of the motion of the boat or the car. and does not strike m 
(he point intended, but is carried some distance beyond it. For the same re* 
Bon, Id flrin;^ a rifle from the deck of a vessel moving rapidly, at some ol^ect 
U rest upon the bank, allowance must be made for the motioa of the vessel, 
and aim directed behind the object, 

157. The principles of the composition and 
resolution of different forties acting upon a 
body to produce motion, c^.^gtit'ite tbe basis 
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FiO. 44. 



of the Science of Projectiles, or that department of 
Natural Philosophy which considers the motion of bodies, 
thrown or driven by an impelling force above the surface 
of the earth. 

What iaa Pro- 1^8. A PROJECTILE is a body thrown into 
jcctiie? ^Y^Q g^jj. ijj g^jjy dircctiou ; as a stone from the 

hand, or a ball from a gun, or cannon. , 

What is th di ^^ ^® project a body perpendicularly downward, or npwaid, 

reetion of a it will move in a perpendicular line with a uniform accelerated 
oWo rf^r*^° ^^ retarded motion, since the force of gravity and that of pro- 
jection are in the same line of direction. But if a body is 
thrown in a direction oblique to the perpendicular, it is acted upon by two 
forces,* the projectile force which tends to impel it forward m a straight Ime, 
and the force of gravity, which tends to bring it to the earth. Instead, there- 
fore, of following the direction of the projectile force, the path of the body 
will be a curve, the resultant of the two forces. Such a curve itf called a 
Pa&abola. 

If a cannon-ball is fired from A to- 
ward B, Fig. 44, in an upward directioD, 
instead of movmg along the line A B, 
it is, by the influence of the earth's at- 
traction, continually drawn downward, 
and its path is along a line which is in- 
dicated by the parabolic curve A C; 
and although it has been moving on- 
ward from the impulse it has received 
from the force of the gunpowder, it oc- 
cupies exactly the same time in falling 
to the point C, as if the ball had been allowed to drop from the hand at A, 
and fall to D. 

159. If a bail be projected from the mouth 
of a cannon in a horizontal direction, it will 
reach the earth in precisely the same time as 
a ball dropped from the mouth of the gun. The force 
of gravity is neither increased or diminished by the force 
of projection. 

The same fact may be strikingly illustrated by placing a number of marbles 
at imequal distances from the edge of a table and sweeping them off with a 
ruler, or stick : those which are rolled along the farthest will be projected the 
farthest; yet all will strike the floor at the same time. 

* The theoretical laws governing the motion of projectiles, as herewith given, 
praetioe essentially modified by the resistance of the air. 




What effect has 
the projectile 
force on the 
action of grav- 
ity? 
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What is the 
Eange of a 
Projectile f 



Pig. 45. ■ Suppose from the point A, Fig. 45, about 2.40 feet 

above the earth, a ball to be projected in a perfectly 
horizontal line, A B ; instead of traversing this line, 
it would, at the end of the first second, be found 
that the ball had fallen 15 feet, at the same time it 
had moved onward in the direction of B. Its truo 
position would be, therefore, at a; at the end of the 
second second, it woul* have passed onward, but 
have fallen to 6, 60 feet below the horizontal line ; 
and at the end of the third second, it would hav^ 
fallen 135 feet below the Une, and be at c; and thus 
it would move forward and reach the earth at d 240 feet, in precisely the same 
time it would have occupied in falling from A to C. 

An obhque, or horizontal jet of water, is an "piQ, 46. 

instance of the curve described by a body act- 
ed upon by gravity and the force of projection. 
See Fig. 46. 

160. The Eange of 
a projectile, is the 
horizontal distance to 

which it can be thrown. 

161. According to 
theory, the range is 
greatest when the angle 

of elevation is 45'' ; and is the same for elevations equally- 
above and below 45° ; as for example 70° and 20°. See 
Fig. 47. 

These conclusions are, however, found to 
be essentially modified in practice by the 
resistance of the air, which not only changes 
thQ path but the velocity of the projectile. 
With g^reat velocities, as in the case of a 
cannon-baU. the greatest range corres- 
ponds with an elevation of about 30°, but 
for slow motions it is near 45°. 

162. The laws of 
projectiles are es- 
pecially regarded in 
the art of gunnery. 

By knowing the force of the powder whicb drives the ball, 
the engineer is enabled to direct the ^oxxnon, or mortar, 
in such a manner as to cause the bAi\ /^r \)omb, to fall 



Hoir can the 
greatmd Range 
be obtained ? 




Fig. 47. 



fioir are the 
Lava of Pro- 
Jeedles practi- 
taUy applied 
in militaiy en- 
gbieeriog? 
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apon a particular spot in the distance ; thus producing a 
desired cfTuct without a wasteful expeaditure of a 
tion. 




Fig. 48 represents a boiDbBrdmeDt, and tbe three Imes lod cate the oimc 
nutdo b7 the balls. Iftbe bombardment had been conducted trtna an eleiB- 
tion, instead of tho 1 tcI surTooe Iba balla would hare gone beyond the cl^, 
as shown by the fiimiliar fjct, that we can throw a heavy body to a gnata 
dlatanco from an elevation, as the steep bank of a river, than on a pl^o, or 
level ground. It was oo this principle that Napoleon bombsnled Cadiz, at tbe 
distance of live miles, and from a ^ater elevation, the balls could have been 
tlirowD to a still grealer distance.* 

* The (bltsiring futa retpectln; the eipIosl<re force oT gunpoader, and Iti ippllHtlDa to 
projectiles, nil! be found intereBting and Instructive In this eonneclion. Thu sstiioiiled 
ftim of gunpowdar when cxpLoded, I3 at l^ast 14.TG0 pnund^ upoii ever? square hieh of 
theinrfnee which confined IL Cuant Rumford dhoaed, bf bit eipericaeoti mad* aboil 
SO r* ira igo. that If the poirder irere pteoeil In a eloso caT:tr, and tb« csvltj tm thlrda 
filled, lis d1m+>nBioi>B being at the aame lime restricted, the force of QiploAion Toold «£- 

le fact» that vben bxoa^t In contact irlth aoy 
.dence. Avaitquanlltyof ji», or elatlinjluii, 
b, at a Idgh temperatuft, id Iha oauas of tha 
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According to the laws which goTern the motion of project- 
S?^l4^Smed ^^ ^* ^ evident that i gun must be aimed, in order to hit 
to hit an ob- an object, in a direction above that of the object, more or less, 
^tance%^*^** according to the distance of the object and the force of the 
charge. With an aim directed, as in Fig. 49, at the object, 
the ball, moving in a curved path, must necessarily fall below it 

straight, or rectilinear path. A rifle sends a ball more accurately than a musket, beeauM 
the ball is in more accurate contact with the sides of the barrel tlian in the case of a com- 
nan musket The apace produced by the difference of diameter between the baU and the 
&or« of the ffun^ greatly diminishes the effect of the powder, by allowing a part of the 
elastic fluid to escape before the ball, and also permits the ball to deviate firom a straight 
Uae. The peculiarity and superiority of the new rifle, called the *' Mini6 rifle,** is to be 
found in the conatruction of the ball, which, by the act of firing, is made to fit completely 
the barret or bore, of the gun. This is accomplished by making the ball of an oblong 
shape and a conical point vith an opening in the base extending up for two thirds the 
length of the balL Into the opening of this internal cylinder there is placed a small eon- 
eaveaeetion of iron, which the powder, at the moment of firing, /orces into the leaden 
baU with great power, apreading it open, and causing it to fit tightly to the cavity of the 
barrd in its course out ^"^ giving it a perfect direction. 

Gannon of different rixes are named according to the weight of the ball which they are 
capable of discharging. Thus, we hnve C8-pounders, 24-pounderB, IS-poundcrs, and the 
U^ter field-i^eces, from 4 to IS-pounders. The quantity of powder generally used for 
diachargii^ common iron or brass cannon, is one third Uie weight of the ball. In gen- 
eral warfure, the effective distance at which artillery can be used it* from 500 to GOO yards^ 
or from a quarter to half a mile. At the battle of Waterloo, the brigades of artillery were 
stationed about half a mile from each other. Cannon-balls and shells can be thrown 
with effect to the distance of a mile and a half to two miles. 

The distance to which a ball may be thrown by a 24-pounder, with a quantity of powder 
eqnal to two thirds the weight of the bait is about four miles. Its eflEective range is, how- 
ever, macii levi Were the resistance of the air entirely removed, the same ball would 
be thrown to abpnt five timet that distance, or twenty miles. 

It has been found that 1^7 ^^^ firing of an 18-pound shot into a butt, or target made of 
besms of oak, when the charges were 6 pounda of powder^ 3 pounda, 2i peunda^ and 1 
pounds the respective depths of the penetration were 42 inches^ 30 inchea^ 2S inches^ and 
ISineAes; and the velocities at which the balls flew, were 1,600 feet in a aecond^ 1,140 
feet, 1,024 /e«t and QSSfest. 

When the cannon is so pointed that the ball goes perfectly atraigfU toward the object 
aimed at the direction is sa!d to be point-blank. Ricochet firing is when the ball is dis- 
charged in such a manner that it goes bounding and akipping along the surface of the 
ground. In this way a ball can be thrown more effectively, and for a greater distance, 
than in any other way. 

There are several substances known to chemists which possess a greater explosive 

fower than gunpowder. It has not however, b«en considered possible to increase the 

ruige and effiect of a prcjectile fired firom a gun, or cannon, by using any of them. Sup- 

^ poring that the guns could be made indefinitely strong, and the gunpowder indefinitely 

i, • pmrerfot the point would soon be reached where the reaiatance which the air oppoeea to 

Ibody moving very rapidly would balance the force derived from the explosHe compound, 

. ., wMeh drives the projectile forward. Beyond this point no ificrease of impulsive force 

^-l vonM urge the projectile fiirther ; and this limit is considerably within the range of 

• »^ P<>^« that can be exercised by common gunpowder. Beside this, the strength of mate- 

^ t riiliof irfaich guns are made is limited. Practical experience has fully demonstrated that 

'^,1" the largest piece of ordnance which can be cast perfect sound, and free from flaws, ia a 

.If ; wortor 13 inehea diameter , and even this weighs five tons. The French, at the siege of 

Antwerp, eonstmcted a mortar having a bore of no less than 20 inches diameter, but it 

^f kuiton the nhith time of firings 
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Until quite recently, the muskets placed in the hands of soldiers were usa- 
ally aimed so that the line of sight was parallel to the barrel, and directed :o 
the object, as in Fig 49. So long as the range of the musket was of limit<^ 
extent, and great precision was not expected, the deviation of the bcdl from 
a straight Hne was not taken into account; but with the introduction of riflei 
throwing a ball to a great distance, the drop of the ball occasioned by the 
curvature of the path of the projectile, was found to depriye the weapon of 
the necessary precision. On all modem guns, therefore, a double sight is 
provided, by which the elevation necessary to secure accurate aim can always 
be given to the barrel. This is exhibited in Fig. 50, where one of the sights, 
B, is fixed, in the usual manner, at one extremity of the barrel, while the 
other is located nearer the breach. This last sight is oftSn graduated and 
provided with an adjustment, by which it can be adapted to objects at dif 
ferent distances, so as to hit them exactly. 

Fig. 50. 




What is cir- 163. Circular Motion is the motion pro- 
cuiar Motion? j^ced bjT the revolutioii of a body about a 
central point. 
„ , „, 164. Circular Motion is a species of coQi- 

How 18 Circu- _ . -Ill • » 

lar Motion pro- pound motion, and IS caused by the contmim 

<lttced? ^ ^. n , J. 1 /» ^T 

operation oi two forces ; — one the force of 
projection, which gives the body motion, tends to caoat 
it to move in a straight line ; while the other is* continually 
deflecting it from a straight course toward a fixed point. 

Illustrate the "^^^^^ ^^^* ^^ illustrated by tlie common sling, or by swinging 

prodiwtJon of a heavy body attached to a string round the head. The body, 
tion."^**^ ^°' in this case, moves tlirough the influence of two forces, the 
force of projection, and the string which confines it to the. 
hand. These two forces act at right angles to one another, and according to 
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•he etatonteiita slresdy made (g ISS), tlie path of the moviag bod; friU be • 
rcaoItaQt of the two Ibrce^ or the diagon&l of a parallelograDi. 
J, . How then, it may be asked, does the bod; attached to the 

Eurra of t. di- stiiDg asd whirled round tho head, move in a circle ? This 
eitjM aaohi. *'" '*^ dear, if we cooflider tnat a circlo ia made of aa in- 
laDt to cfae Bnite namber of UtUe straight lines (diaf^nala of parallelo- 
^^dig^'f grains) and that (he body taovvag in i(, lias its moliou bent 

at every step oSiXa progress b; the action of tho force which 
ooofinea it to the hand This Ibrae, Iniwevcr, onlj Iceeps it withm a certaio 
didtanoe, without drawiog it nearer to the baud. The two forces exocilf 
baiaucing each other, the course of the whirling body will bo circular. 
whu an the ^^^- '^^^ ^^^ forces bj' which circular mo- 
Ir'idcii^^cB 'i"" '8 produced, are called the Cbntbifuoal" 

and Centripetal Forces-f 

166. The Cgntrifuqal Force ie that force 
which impels a body moving in a curve to 
move outward, or fly off from a center, 

167. The Centbipetal Forck is that force 
tHpeuiFomt which draws a body moving in a curve toward 
the center, and asauts it to move in a bent, or curvelinear 
course. In Circular Motion the Centrifugal and Centri- 
petal Forces are equal, and constantly balance each other. 

If the Centrifiigal Foroe of a body revolving in a circular 
l?rt« iJtnM- P"*^ ^ destroyed, the body will immediately approach the 
laffl or Gen- center ; but (f 'the Centnpetal Force be destroyed, the body 
SfSi^r'^f *i" "y oB" i" » straight line, called a tangent 

Thus, in IthirliDg a ball attached bj a siring to the fin- 
ger, the propelling force, or the fbrce of prcgectioD, is given by the liand, and 
FiO. 61. *''* Cen'npetal Force is exhibited in the etnetchidg, or 

tenwon of the string. If the string breaiiB io whirlir^ 
the Centripetal Force no tonf^ act^ and the ball, by 
the action of the Centrifi^;al Force, generated by tbs 
whirling motion, flies off in a tangent, or straight Iln^ 
as is represented in Fig. 61. It, on the contrai?, the 
whirling motion is loo alow, the Centripetal Force pre- 
ponderate, and the ball falls in toward the flng^. 
Familiar examples of the effocts of Centrifugal Fcrce 
ommon in Ute experience irfeyery.day life. 

ju_ The motion of mud flying from the rim of a coach-wheel, 

r mmlri- moving rapidly, is an illustration of Centrifugal Force. Fig. 

"pmeJ^ 62 represents a OTach-whecl IhrowiQjr off mud ; a the point at 

which the mud flies off; a b, the gtraig''*' line in which it 

■CBiWfttgtl.-wmpoimdedofeeiitw. «nd ".ftajn," W By oft 
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woold move bat lor tbe uAkm of the two Jbrsee, which compel it to E 
the parabolic curve, a c. 

F10.GS. 




The mud eScba to tbe wheel, in the Srat iastance, tbrongh the fbfoe of itd- 
benoD ; but this force, being very weak, is overcome by tite CeotriliigKl Fonx, 
and tiie particiee of mud ftf off. The particles whkb compoae the wheel it- 
self would also By off ia tiie same maiiiDer, were not the force ol oobeeioD 
which holds tbem togetlier Blrooger than the Centrifugal Force. 
„ . ITio Centrifugal Force, however, increaaca with tho velocity 

dimiDBUncts of revoluti<Hi, so tliat if the velocity of the wheel were contin- 
Dally increased, a point n ould at last be renched, when the 
Centrifugal Force wonid be more powerful than the force of 
Cobe^D, and the wheel woald then fly in piecea. In Ihia 
way ahnoet ^1 bodies can be brolten by a sufficient rotative 



tnfagal FoK 
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Feloraty. Large wheels and grind- 
slonea, revolving rapidly, not inlie- 
quentl; break irom tliia cause, and the 
pieces ily off with immense force ana 
velocity 

When we whirl a iBoft tho water 
flioa off from it by the action of the 
Cenlnfugal Force. The flber^ or 
threads, which compose the map, also, 
tend to flv olf, but being confined at 
ono end, they are unable so to do. 
Tliev, therefore, Hi^ume a Bphericnl 
form, or shape. 

The feet that water can bo made to 
fly oir from a mop, by the action of tbe 
Centrifugal Force produced by whirling 
it, has been most ingeniously applied 
in a macluno for dryii^ cloth, aaUed 
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bjdro-extractor (water-eztractm'), Fig. 63. The machine ooosifltB of a 
^ hollow wheel, or cjlinder, A A^ turning upon an axis, B. The sides 
_ and bottom of the wheel are pierced with holes like a 

sievo. The wet cloths being in and around the sidea^ 
A, the wheel is caused to revolve with great rapiditjr, and 
the water contained in the material, by the action of the 
Centrifugal Force, flies out, and escapes through the 
i^[>ertareB left in the sides of the wheel A rotation 
of 1500 times per minute, is sufficient to almost en- 
tirely dry the cloth, no matter how wet it may have been 
originally. 

When a bucket of water, attached to a string, is 
whirled rapidly round, the water does not &11 out when 
the mouth is presented downward, since the Centrifugal 
Force imparted to the water by rotation, tends to cause 
it to fly oflf from the center, and this overcomes, or bal- 
ances, the attraction of gravitation, which tends to cause 
the water to fall out, or toward the center. Thus, in 
Fig 54, the water contained in the bucket which is up* 
side down, has no support under it, and if the bucket 
were kept still in its inverted position for a single mo- 
ment the water would &11 out by its own weight, or, in 
other words, by the attraction of gravitation, which rep- 
resents a Centripetal Force ; but the Centrifugal Force, 
which is caused by the whiriing of the bucket in the di- 
rection of the arrow, tends to drive the water out through 
the bottom and side of the vessel, and as this last force 
overcomes, or balances the other, the water- retains its 
place, and not a drop is spilled. 

When a carriage is moved rapidly round a comer, it is 
rery liable to be overturned by the Centrifhgal Force 
called into action. The inertia carries the body of the 
vehicle forward in the^ame line of direction, while the- 
wheels are suddenly pulled around by the horses into a 
new one. Thus a loaded stage running south, and sud- 
denly turned to the east, throws out the luggage and 
lengers on the south side of the road. When railways form a rapid curve, 
outer rail is laid highei* than the inner, in order to counteract the Centri- 
tl Force. 

.n animal, or man, turning a comer rapidly, leans in toward the comer or 
Der of the curve in which he is moving, in order to resist the action of 
Centrifugal Force, which tends to throw him away from the center. 
a all equestrian feats exhibited in the circus, it will be observed that not 
T the horse, but the rider, inclines his body toward the center, Fig. 55, and 
3rding as the speed of the horse round the ring is increased, this indina- 
L beocuncs more oonaiderable. When the horse walks sk>wly round a^ lai^ 
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ring tiiis IncUnation of bis hodj is Imperceptible ; S he trot, fliere ia a vMbls 
tndinlitioii ioward, and IT ha gallop, he iadiaes still more, and when in^ad to 
full speed he leaiia very (kr over □□ hia aide, and his feet will be beard to 
etrike against tho partiliou which deflnea ihe ring. The eiplanatioa of all 
this is, that the Centrifugnl Force caused bj the rapid motion aronnd tbe 
ring tcuda to throw the horse out o^ and away ft\>ni, the circular oourse, and 
thia he counletacts by leaning inward. 

Fio. 65. 







d Cestri- 
a the ar- 
munts of the solar system. The earth and other planets 
loving around a center — the bqq, with immetiBe velod- 
md are coDatnutly tending to rush oCrinto spaoe, by the 
L of tho Centrifugal Force. They are, however, restrained 
within exactly determined limila by the attraction of the sun, which acta 
as a centripetal power drawing them toward Che center. 
What t> ibe 168, The Axis of a body is the straight line, 
Aiiiofibodyt jggj pj. imaginary, passing through it, on which 
it revolves, or may revolve. 

Wbm ■ body 169. When a body rotates upon an axis, all- 
iwASi',"h« it^B parts revolve in equal times. The velocity 
d^'^ti'iew™! ^^ et^ch particle of a revolving body increases 
puHeihiMir „;(^jj itg perpend icnlar distance from the axis,, 
and as its velocity increases, its Centrifugal Force in- 



A moment's reflection will show, that a point on the outer part, or rim, of 
a wheel, novee round the axis in the same lime as a point nearer the center, 
M upon the hub. But the circle daacribed by the revolution i:^ the outer jnit 
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of the wheel is mach larger than that described by tlie inner part, and ts 
both move round tbe center ia tbe Mme time, tlie outer part must more nith 
a greater velocitj. 

wh»t efflirt !'''*'• If ^^^ particles of a rotating body have 
rf'c^utfu^ freedom of motioa among themselves, a chaoge 
mih^fl^™^ in the figure of the body may be occasioned by 
• bodyr the difference of the Centrifugal Force in the 

different parts, 

A ball of Boft clay, with a wire r<^ an axis, forced through ita«eBter, if mn-» 
to turn quicklj, eoon ceases to be a perfect boU. It bulges out in Ihe middle, 
where the CentriTiigal Forc3 is, and becomes Oatlened toward tbe eods, or 
where tbe wire issues. 

Pig gg_ This change in the form of 

f, revolving bodies may be illus- 

trated by an apparatus rcpre- 
senled in Fig. 56. This con- 
astanfan elastic circle, or hoop, 
fastened at the loner side on a 
vertical shaft, while the upper 




side is IVce tc 



Ontu 



iter intensity upon those p;ui:3 furthest r 
le Battened at the ends. 

71. The earth itself 13 a 



ing the wheels, so arranged as 
to impart a very rapid motion 
to the shaft and hoop, the hoop 
mil be observed to bulge out 
in the middle (owing to the 
Ceotnfugal Force acting with 
Qoied iroui the axis) aud to be- 

i\ample of the operation of this 



aoH oT tb« force. Its diameter at the equator is aliout twenty-si: mDes 
W*"™*^™ greater than its polar diameter. The earth is supposed to 

hare assumed this form 
tion, through the action of the Centrifugal Force, while 
•ami-fluid, or plastic state. In Fig. B7 we 
have a represeotation of the general figure of 
ttio earth, in which N S is the polar diameter, 
and also the axis of rotation, and E W t 
e<)na(orial diameter. 

172. At the equator 1 

UFioDTitofCeTi- Centrifugal Force ofapartii 

Mwt*l Fnr«^ or matter is l-290ths of 

gravity. This diminighoa 

I *e approach t'.e poles, where it l>ecom['g 

I If the earth revolved 17 times foster than 

it now does, or in 84 minutes instead of 24 
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WJw^^^dbe hoars, the Centrifugal Force would he equal to the attraction 
TelMlty of ro- ^ gravitation, which may he ocmsidered as the Centripetal 
te^ ^ i^^ Force, and all bodies at the earth's equator would be deprived 
creaasd f of weight, since they would have as great a tendency to leave 

the surface of the earth as to descend toward its center. If 
the earth revolved on its axis in less time than 84 minutes, terrestrial gravita- 
tion would be completely overpowered, and all fluids and loose substanoes 
would fly from its surface. 

173. There appears to be a constant tendency to rotary 
motion in moving bodies free to turn upon their axes. 
The earth turns upon its axis, as it moves in its orbit ; a 
ball projected from a cannon, a rounded stone thrown from 
the hand, all revolve around their axes as they move. 

FiQ. 68. This phenomenon may be very 

prettily illustrated by placing a 
watch-glass upon a smooth plate 
of glass, Fig. 68, moistened suf- 
ficiently to insure slight adhesion, 
and fixed at any angle. As it 
begins to move toward the bot- 
vjm of the inclined plane, it will exhibit a revolving motion, which unifonnly 
increases with the acceleration of itb downward movement. 



PRACTICAL QUESTIONS AND PROBLEMS ON THE PRINCIPLES 

AND COMPOSITION OF MOTION. 

1. The 8UBFA0B of the eabth at the fquatob mores at the rate of about a thoubanT 
MILES in an uoub : why are men not sensible of this rapid movement of the earth ? 

Because aU objects about the observer are moving in common with him. It 

is the natural uniformity of the undisturbed motion which causes the earth 

and all the bodies moving together with it upon its surface to appear at 

rest. 

2. How can yon easily see that the eabth is in motion ? 

By looking at some object that is entirely unconnected with it, as the sun 
or the stars. We are here, however, liable to the mistake that the sun or 
stars are in motion, and not we ourselves with the earth. 

3. Does the sqn really bibb and bet each day ? 

The sun maintains very nearly a constant position ; but the earth revolvea^ 
and is constantly changing its position. jReaJly, therefore, the sun neither riset 
nor sets. 

4. \7hy, to a pbbson bailiko in a boat on a smooth stream, or ooino bwiftlt in t 
OAB8IAG on a smooth road, do the trees or buildings on the banks or roadside appear to 
move in an ofpobite dqucctiox ? 

The rekUiue situaiion of the trees and buildings to the person, and to each 
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other, is actoaHj dmnged hy the motioti of the ohsenrer ; bat the mind, in 
judging of the real change in place bj the dififtrence in the position of the 
objects observed, unetnuciouaiy confounds the real and apparent motion. 



5. Whj will a talloir eandle flred from ft gan pieree ft boftrd, or target, in tlie nma 
maimer as a leaden IraUet vill, onder the same circamstanoesf 

When a candle starts from the breach of a gun, its motion is gradnallj in- 
creased, until it leaves the muzzle at a high velocity ; and when it reaches the 
board, or target, every particle of matter composing it is in a state of great 
vdocity. At the moment of contact, the particles of matter composing the 
taiget are at rest ; and as the density of the candle, multiplied by the velocity 
of its motion, is greater than the density of the target at rest, the greater force 
overcomes the weaker, and the candle breaks through and pierces a hole in 
the board. 

6 Whj, with an enoimoiu presrare and alow motion, ean yon not force a candle 
fhroa^ at>oard? 

Because the candlb, on account of its slow motion, does not possess suffi- 
ckait momentum to enable the density of its particles to overcome the greater 
density of the board ; consequently the candle itself is mashed, instead of 
piercing the board. 

7. Whj win a large ship, moving toward a wharf with a motion hardly perceptible, 
emrii with great force a boat intervening? 

Because the great mass and weight of the vessel compensates for its want 
of velocity. 

8. Why ean a person safely skate with great rapidity over ice which would not bear 
his weic^t standing quietly ? 

Because time is required to produce a fracture of the ice ; as soon as the 
weight of the skater begins to act upon any point, the ice, supported by the 
water, bends slowly under him; but if the skater's velocity be great, he 
passes ofif from the spot which was loaded before the bending has reached 
the point at which the ice would break. 

9. A HKAVT COACH and a ueHT waoon carae in collision on the road. A suit for 
damages was brought by the proprietor of the wagon. How was it shown that one of the 
vxHioxjOB was moving at an unsatb vxlocitt f 

On trial, the persons in the wagon deposed that (he shock, occasioned by . 
soming in contact^ was so great, that it threw them over the head of their horse; 
tod thus lost their case by proving that the faulty velocity was their own. 

10 Why did the pact that they were tobown over the n«AD of the hobsb by coming 
In contact with the coach, prove that their velocity was gbbateb than it ought to have 
been? 

The coach stopped the wagon by contact with it, but the bodies of the per- 
sons in the wagon, having the same velocity as the wagon^ and not fastened to 
it, continued to move on. Had the wagon moved slowly, the distance to which 
they would have been thrown would have been slight To cause them to 
be tl>rown as far as over the head of the horse^ would require a great volodtx 
of motion. 
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11. When TWO pxxaoifBBTBiKE their BKAOctogeUier, one being in If oviQiraiid tin ott^ 
«t BEST, why are both equally hurt? 

Because, when bodies strike each other, cuUon and reaction are equal; the 
bead that is at rest returns the blow with equal force to the head that 

strikes. 

12. When an elastic ball Is thrown against the side of a honae with a oaaetAOt voMi, 
why does it rebound ? 

Because the side of the house resists the ball with the eame force^ aad tfa» 
ball being elastic, rebounds. 

13. When the same oall is thrown against a pake of glass with Uie sameforee, itgoss 
through, breaking the glass ; why does it not relx>und as before ? 

Because the gltiss has not sufficient power to resist the full force of the baUt 
it destroys a part of the force of the ball, but the remainder continuing to act^ 
the ball goes through, shattering the glass. 

14. Why did not the man succeed who undertook to make a paxb wikd for his plsas* 
UBK-BOAT, by erecting an iiimenbe bellows in the stbbm, and blowing against the sails r 

Because the action of the stream of wind and the reaction of the sails w6re 
exactly equal, and, consequently, the boat remained at rest 

15. If he had blown in acoxTSABY dibbction from the sails, instead of against them, 
would the boat hare moved ? 

It would, with the same force that the air issued from the bellows-pipe. 

16. Why can not a man raise himself over a fence by pulling upon the straps of his 

BOOTS? 

Because the action of the force exerted by the muscles of his arms is coun- 
teracted by the reaction of the force, or, in other words, the resistance of his 
whole body, whicli tends to keep him down. 

17. Why do wateb-dooo give a semi-botaby movement to free themsdves f^m 
water ? 

Because in this way a centrifugal force is generated, which causes the drops 
of water adherent to them to fly off. 

18. Why is the cou283 of rivers rarely stbaight, but SEBPENTras and wnroiHof 

When, from any obstruction, the river is obliged to bend, the cerUrifxtgai 
force tends to throw away the water from the center of the curvature^ so that 
when a bend has once commenced, it increases, and is soon followed by others; 
Thus, for instance, the water being thrown by any cause to the left side, ife. 
wears that part into a curve, or elbow, and, by its centrifugal force, acts coi:«- 
fitantly on the outside of'the bend, until the rock, or higher land, resists 'ts 
gradual progress ; from this limit, being thrown back again, it wears a simiJaC 
bend to the right hand, and after that another to the left, and so on. 

19. A locomotive passes over a railroad, 200 miles in length, in 5 hours : what is its 
velocity per hour ? 

20 If a bird, in flying, passes over a distance of 45 miles in an hour, what is its ve- 
locity per minute ? 

21. The flash of a cannon three miles off was seen, and in 14 seconds afterward the 
sound was heard. How many feet did the sound travel in one second ? 
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as. ThamnlBSSmillioiuarinlleiAwn t1ie«mrUi. mndit leqnliesB} thIodIci tor lU 
Ugbt b> mch the MTtb 1 with vbil TelMltrp^miuod doei light morsT 

33. If « Tsnel uU M tuUeg ■ d>r for 8 diy^ how far will It -idl la tbul Una f 

34 A Ksntle wind U nbMrred to moTS l,!COr«tlD IS mlnutei: how tlrwanld Itmon 
Id i hodri, blowing 5,000 feet to tba mile t 

as Whit dlitince would KhirtariigDiiifDnnlyBt the Tclodtj of fiO mtlei per hoar, 

Uim wIU elapse Iq the paBbga of light from tho aud to tha earthy the dlstanco bela^ iH 
allUoDe of mUes ? 

37 What hi the momsitan) of » body wclBhing SS pounds morlnc wllh tho Telodty 
tItOttet per irmai t 



CHAPTER VI. 

APPLICATION OF FORCE. 

■whrt tm et» 174. The principal agents from whence we 
Ef^jSSK^ obtain power for praclical purposes, are Mew 
*"•' and Animals, Water, Wind, Steam, and 

Gdhpowdbb. 

Thepowerof all these may bo ultimatelj resolved into somo 

irau Bitanl ''"^ '"' '""^ of tha great natural forces, or primary sources of 

fDnwaanthen power, viz., vital foree, producing muscular energy, or strength 

S^rlredr^'^ ^ """ ^"'^ auimala; gravitation, causing the flow of walci; 

heat and molecular forces, tho ^lents producii^ tho power ox- 

hitrited bj wind, iteom, and gunpowder. 

\ j~ u, MagnoUsm and electricity when called into action, atd 

1 •Uiec ^eatsor Capilkry attraction, are also agents of power: ^"^ "0"° °^ 

V '"""' (hese are capable, aa yet, of bein]^ used to any great eitent 

1 1 liir the produbUoQ of motion. 

jf^^ 175. Muscular energy in men and animals 

i mMt"""" '" exerted by means of the contraction of the 

* ! fibers wlrich constitute the inUBclea of Uie 



68 W£LLS*S NATURAL PHIL080PHT. 

body ; the bones of the body &cilitate and direct the ajK 
plication of this force. 

Beasts of prey possess the greatest amount of muscular power ; but some 
very small animals pOvSsess muscular power in proportion to their balk, in- 
comparably greater than the largest of the brut^ creation. A flea, considered 
relatively to its size, is stronger than an elephant, or a lion. 
_ A man can exert his greatest active strength in palling up* 

^rert his great- Ward from his feet, because the strong muscles of the back, 
efat strength f ^^^^ thoso of the Upper and lower extremities, are then broagfat 
most advantageously into action. 

The comparative effect produced in the different methods of applying the 
force of a man, may be indicated as follows : in tlio action of taming a crank, 
or handle, his force may be represented by the number 17 ; in working a 
pump, by 20 ; in pulling downward, as in ringing a bell, by 39 ; and in pull- 
ing upward from the feet, as in the action of rowing, by 41. 

What is the lif^S. The estimate of the uniform strength 

SJi^h**of a of an ordinary man, for the performance of or- 

"'*"' dinary daily mechanical labor is, that he can 

raise a weight of 10 pounds to the height of 10 feet once 

in a second, and continue to do so for 10 hours in the 

day. 

«rv . . .u l*^*^. The estimated strength of a horse is, 

What 18 the . « 

estimated that hc cau Taisc a wei^jht of 33,000 pounds 

strength of a ^ -, • ^ » «. . oi 

horse, or a to the hcigrht ot onc foot in a mmute. Such 

"horse-powerf n n • n j cc 

a measure oi force is called a horse- 
power." 

The strength of a horse is considered, to be equal to that of five men. The 
average strength which a horse can exert in drawing is about 1600 pounda 

whatis water- I'^^S. Water-powkr is the powcr obtained 
power? ijy ij^g action of water falling perpendicularly, 
or running down a slope, by the influence of gravity. 
What is the 1*^9. When work is performed by any agent, 
J^mplring the thcrc is always a certain weight moved over a 
perfoJi^'^b? certain space, or a resistance overcome ; the 
diflferent forces? aniouut of work pcrformcd, therefore, will de- 
pend on the weight, or resistance that is moved,. and the 
space over which it is moved. For comparing diflferent 
quantities of work, done by any force, it is necessary to 
have some standard ; and this standarj i? the power, or 



▲PPLIOATION OF FORCE. 89 

labor, expended in raising a pound weight one foot high, 
in opposition to gravity. 

How is the ef- ^^O. The effcct produced by a moving power 
fa^^er^- ^ always expressed by a certain weight raised 
prened? ^ ccrtaiu height. 

To find, therefore, the efif^t of a moving power, or to find the power ex- 
pended in peiformmg a certain work, we have the following rule : — 

now maj the 181. Multiply the weight of the body moved 
^Sl^^k'hi ^ pounds by the vertical space through which 
•***»'°^' it is moved. 

Tbcaa, §x example, if a horse draw a loaded wagon, with a force by which 
the traces are stretched to as great a degree as if 200 pounds -^ re suspended 
vertically from them, and if the horse thus acting draws the wagon over a 
space of 100 feet, the mechanical effect produced is said to be 200 pounds 
raised 100 feet; or, what is the same thing, 20,000 pounds raised 1 foot 
Wh«i a horse draws a carriage, the work he performs is expended in over- 
coming the resistance of friction of the road which opposes the motion of the 
carriage ; but friction increases and diminishes as the weight of the load in- 
creases or diminishea The work performed will, therefore, be estimated by 
mulUplying the total resistance of friction, as expressed in pounds, by the 
space over which the carriage is moved. 

mimfnte th '^^ following examples will illustrate how we are enabled, 

manner of est!- by the above rules, to calculate the amount of power required 
matingpower? ^ perform a certain amount of work : — Suppose we wish to 
know the amount of horse-power required to lift 224 pounds of coal from the 
bottom of a mine 600 feet deep. The weight, 224, multiplied into space 
moved over, 600 feet, equals 134^400, the amount of work to be performed 
each minute; a horse -power equals 33,000 pounds raised 1 foot per minute: 
therefOTe, 134,400-7-33,000=4.07, horse-power required. If we wish to per- 
form the same work by a steam-engine, we would order an engine of 4.07 
horae^power, and the engine-builder, knowing the dimensions of the parts of 
an engfine essential to give one horse-power, can build an engine capable of 
performing the requisite work. 

Again. Suppose a locomotive to move a train of cars, on a level, at the 
nteof 30 miles per hour, the whole weighing 25 tons, with a constant re- 
sistance from friction of 200 pounds, what is the horse-power of the engine ? 
80 miles per hour equals 2,640 feet per minute ; this space multiplied by 200 
pounds, the resistance to be overcome, equals 528,000, the work to be done 
every minute; which, divided by 33,000 (one horse-power), equals 16, the 
horae-power of the locomotive. 

What is a Dr. 182. An instrument for measuring the rela- 
**™*™***'^ tive strength of nien and animals, and also of 
the force exerted by machinery, is called ft Dynamometer, 
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p^ .g Fig. 59 npreBBDtB one of the moil 

* ' common forms of the dynamometer, 

•krwr: y-~^P ^ , "h— consisting of a band of steel, bent in 

tlie middle, so as to have a certain de- 
gree of flexibility. To the expanded 
extremity of eadi limb is fixed an an 
of iron, whidi passes freely throogfa an 
opening in the other limb, and terminates outside in a hook or ring. One d 
these arcs is graduated, and represents in pounds the foroe required ^j^y^ 
to bring the two limbs nearer together. Thus, if a horse were pulling 
a rope attached to a body which he had to move, we may ioAgine the 
rope to be cut at a certain point, and the two ends attadied to the 
ends of thc^ arcs^ as represented in Fig. 59; the force of traction ex- 
erted by the animal would be seen by the greater or less bringing 
together of the ends of the instrument 

In another form of dynamometer, Fig. 60, whidi is also used as a 
spring balance in weighing, the force is measured by the colU^wmg 
of a steel spring, contained within a cylindrical case. The oonstmo- 
tion and operation of this instrument will be easily understood from 
an examination of the flgure 

What i8 a Ma. 183. A Machine is an instrument, or 
chine? apparatus, adapted to receive, distribute, 
and apply motion derived from some external force, 
in such a way as to produce a desired result. 

A steam-engine and a water-wheel are examples of machines. They re- 
ceive the power of steam in the one case, and the power of fidling water in 
the other, and apply it for locomotion, sawing, liammering, etc. 

Do wc produce 184. A MACHINE cau not, uudcr any cir- 
uir of ^ ^' cumstances, create power, or increase the 
chines? quantity of power, or force, applied to it. 

A machme will enable us to concentrate, or divide, any quantity o& fixes 
which we may possess, but they no more increase the quantity of force a{^[>iied 
than a mill-pond increases the quantity of water flowing in the stream.* 

Machines, in, fact, do not increase an applied fi>roe, but they 
chines in reality diminish it, or, in other words, no machine oyer transmits the 
diminish force? ^i^^i^ amount of force imparted to it by the moving powc; 
since a part of the power is necessarily expended in overcoming the ineitift 
of matter, the friction of the machinery, and the resistance of the atmosphera 

* " Power is always a product of nature. God has not vonchsafed to man the meaofl of 
its primary creation. He finds it in the moring air and the rapid cataract; in the ban- 
' ing coal and the heaving tide. He transfers it from these to other bodies, and renders It 
the obedient servant of his will -the patient drudge which, in a thousand ways, adminif- 
ters to his wants, his convenience, and his luxuries, and enables him to reserve his own 
energy for the higher purposes of the development of his mind and the expression of Uf 
thoughts.**— PrqA Henry, 
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„prtiMi ^85. Pebpetoal Motion, or the coiutrac- 
r*po^ tion of machiQes which shall produce power 
Bnfficieot to keep thamselves in motioD con- 
1II7, is, therefore, an impossibility, since bo combi- 
in of machinery can create, or increase, the quantity 
>wer applied, or even preserve it without diminution. 
, In nature we liave aa example of continued and undimiE- 

odnued ished motion in llie revolution or the earth upon ita axis, ai 1 
■ton? "^ ^^ planets around Che sun. These bodies have been mov- 
. ing witb untJiiliiniabed velocif j for agea past, and, unless pre- 
] by the agency which created them, will continue so to do for ages to come. 
J 186, We derive advantages from machines 

™J«" in three different ways ; Ist, from the addi- 
tions they make to human power ; 2d, from 
sconomy they produce of human time ; 3d, from the 
ersion of substances apparently worthless and com- 

into valuable products. 

So mi. 1ST. Machines make additions to human 
hm"^ power, because they enable us to use the 
'P"*''' power of natural agents, as wind, water, steam. 
y also enable us to use animn,! power with greater ef- 

as when we move an object easily with a lever, which 
lould not with the unaided hand. 
J, „,. 188. Machines produce economy of human 
n'/ofta?- time, because they accomplish with rapidity 
'"'' what would require the hand unaidetl much 
! to perform, 

[nachlne turns a gun^sloek in a fen minutes ; to shape it by band would 
3 work oT hours. 

189. Machines convert objects apparently 

omtert woFthless into Valuable products, because by 
inio tj. their great power, economy, and rapidity of 
action, they make it profttablo to use objec(B 
manufacturing purposes which it would be unproftt- 
I or impossible to use if they were to be manufactured 
laud. 

LtbouC machine^ iron could not be Torged Into eh&fte for ^gantic eng^ea ; 
I could not be twisted into cables ; granit«, [a \d^m massee, could not b« 
grated trom the qnaniee. 
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Define Toww, 1^0. Id machiheiy, we designate the mov^ 
w^ne Point, i°g ^^Fce as the Power ; the resistance to be 
SacwSS^. ^ overcome, whatever may be its nature, as the 
Weight ; and the part of the machine im- 
mediately applied to the resistance to be overcome, as the 
Working Point. 

What Is the 191- The great general advantage that we 
fl^nti^"^'S obtain from machinery is, that it enables us 
machinery? ^q excHangc time and space for power. 

Thus, if a man could raise to -a certain height two hundred pounds in one 
minute, with the utmost exertion of his strength, no arrangement of machinery 
could enable him unaided to raise 2,000 pounds in the same time. If he de- 
sired to elevate this weight, he would be obliged to divide it into ten equal 
parts, and raise each part separately, consuming ten times the time required 
for lifting 200 pounda The application of machinery would enable him to 
raise the whole mass at once, but would not decrease the time occupied in 
doing it, which would still be ten minutes. 

Again. A boy who can not exert a force of fifty pounds may, by means 
of a claw-hammer, draw out a nail which would support the weight of half a 
ton. It may seem that the use of the hammer in this case creates power, 
but it does not, since the hand of the boy is required to move through pe^ 
haps one foot of space to make the nail rise one quarter of an incK But it has 
been already shown that the force of a small body moving with g^reat velocity 
may equal the force of a large body with a slight velocity. On the same prin- 
ciple, the small weight, or power, exerted by the boy on the end of the ham- 
mer handle, moving through a large space with an increased velocity, ac- 
quires sufficient momentum to overcome the great resistance of the naiL 

In both of these examples space and time are exchanged for power. 

. , 192. The mechanical force, or momentum, of a hody^ is as* 

chanical effect certained by multiplying its weight by the space through 

termined^? ^^ which it moves in a given time, that is to say, by its velocity. 

The mechanical force, or momentum, of a power may also b6 

found, by multiplying the power, or its equivalent weight, by its velocity. 

What is the 193. The power, multiplied by the space 
brium ^"!lu through which it moves in a vertical direction, 
lijachines? jg equal to the weight multiplied by the space 
through which it moves in a vertical direction. 

This is the general law which determines the equilibrium of all machinea 

194. The power will overcome the resistance 

conditions win of thc Weight, and motion will take place in a 

place in a ma- machiuc, whcu the product arising from the 

power multiplied by the space through which 



b 
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ft moves ini a vertical direction, is greater than the pro- 
duct arising from the weight multiplied by the space 
through which it moves in a vertical direction. 

Whftt is meant Practical men express the principle of equilibrium in ma- 
by the ex- chineiy by saying *' that what is gained in power is lost in 
C^gOn^'^at *i™®-" Thus, if a small power acts against a great resistance, 
the expense of the motion of the latter will be just as much slower than that 
® of the power, as the resistance, or weight, is greater than the 

power; or if one pound be required to overcome the resistance of two pounds^ 
the one pound must move over two feet in the same time that the resistance^ 
two pounds, requires to move over one. 

SECTION I. 

THE ELEMENTS OF MACHINERY. 

195. All machines, no matter how complex 
pie machines and intricate their construction, may be re- 

arethere? t ^ j. /» • • t -i • 

duced to one or more oi six simple machines, 
or elements, which we call the " Mechanical Powers." 
■ ^ ^ 196. They are the Lever, the Wheel and 

Enomerate the i t^ it t^ 

Blxelwnentaiy AXLE, the PULLEY, the INCLINED PlANE, the 

Wedge, and the Screw. 

These simple Machines may be further reduced to three — the lever, the 
pullpy, and the inclined plane ; since the wheel and axle, the screw and the 
wedge, may be regarded as modifications of them. 

The name " mechanical powers ' which has been applied to the six ele- 
mentary machines, is unfortunate, since it serves to convey an idea that they 
are really powers, when in fact they possess no power in themselves, and are 
only instruments for the application of power. 

What tea 197. A Lever consists of a solid bar, straight 

'^^'^ or bent, turning upon a pivot, prop, or axis. 

What are the l^^. The Arms of the Icvcr are those pnrts 

Ami of a Le- ^f ^jjg |j^j, extending on each side of the 

axis. 
What ig the 199. The Fulcrum, or prop, is the name 

Folcrum? 



Hoir 



floany 



applied to the axis, or point of support. 

200. Levers are divided into three kinds, or 

^»<rftevert classes, according to the position which the 

fulcrum has in relation to i\^^ power and the 
height. 
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What are the 
relative 'posi- 
tions of the 
power, fulcrum 
und weight in 
the three kinds 
of levers ? 



201. In the first class the fulcrum is be* 
tween the power and the weight ; in the sec- 
ond class, the fulcrum is at one end of the 
lever, and the weight is between the fulcrum 
and the power ; in the third class, the fulcrum 

is at one end of the lever, and the power is between the 

fulcrum and the weight. 

Fig 61 represents the three classes of Fia. 61. 

^vera, numbered in their order, 1. 2, 3. l_ 

P is the power, W the weight, and F tho T 
fulcrum. 



F 

T 



P 



What are ex- 
amples of le- 
vers of the 
first class ? 



A crowbar applied to P(£^ 



U 



,i 



W^ 
^^1 



Fig. 62. 




elevate a stone, is an ex- 
ample of a lever of the 
first kind. In Fig. 62, 

which represents a lever of this class, a 

indicates the fulcrum which suppports the ^ 

bar, h the power applied by tho hand at 

the end of tho longest arm, and c the 

weight, or stone, raised at the end of the 

short arm. A poker applied to stir up the fuel of a grate is a lever of tiio 

first class, the fiilcrum being th«« 
bars of the grate ; the break, or 
or handle of a pump, is also a fa- 
miliar example. Scissors, pin- 
cers, etc., are composed of two 
levers of the first kind, the ful- 
crum being the joint, or pivot, 
and tho weight the resistance 

of the substance to be cut, or seized. Tho power of the fingers is applied 

at the other end of tho levers. 

What is the 202. A lever will be in equilibrium, when 
brTum^ o?"the the power and the weight are to each other 
^^'^ inversely as their distances from the fulcrum. 

Thus, if in a lever of the first class tho power and the weight are equal, 
and aro required to exactly balance each other, they must be placed at 
equal distances from tho fulcrum. If the power is only half the weight, it 
must be at double the distance from the fulcrum; if one third of the 
weight, three times the distance. If wo suppose, in Fig. 62, c to represent 
a weight of 300 pounds, placed two feet from the fulcrum a, and h a power 
of 100 pounds placed six feet firom a, then c and h will be in equilibrium, 
for (300X2) = (100X6).- 

203. When the weight and lengths of the two arm0 
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wdshi, Bid "^^ * lever are given, the power requisite to 
at '"^"Irf'l balance the weight . may be sscerlained, by 
ijw being dividing the product of the weight oiultiplied 
^^•qs^- ■ into its distance t'rtm the fulcrum, by the dis- 
tance of the power from the fulcrum, 
20t Cortt, or lemon-aquoezora, Fig. 63, are examplcB ol 
un^M of lei the lavere oT the second class, whioli have the fulcrum at ods 
'""^"''J" end, Bod the weight, or resistance to ha overcome, between 
the Mcnim and the power. An oai is a lever of the second 
dam, la wMcb the reactioii oTthe water against theijlade is the fulcrum, the 
YlQ e3_ boat the weight, and the liand of 

the boatman the power. A door 
moved on its hinges is another 
eiample. A wheel'barrow is a 
lever of the second claes, tiie ful- 
crum being the point at which tb» 
wheel presses upon the ground, 
the barrow and its load the weighty 
and the hands the power. Nut- 
(Tardceni are two levers of the second class, the hinge which unites them being 
the fulcrum, the resistance of the shell placed between them the weight, and 
the hand the power. 

What in Bi- 205. ApmrorBDgar-tongarep- Fio. 61. 

imple* dT la- resents a lever of the third class, ^ 

SS^tSt-'"" '" ^^^ "" power is applied be- 
tween tlis flilcrum and the resist- 
BDce, or we^t. In F^ 64, the fulcrum is at a, 
theremstaoceis the piece c^ sugar to be lined at ^ 
i, and the power is the fingers applied at c 
When s man raises a ladder against a wall, ha . 
MoploTB n lever of the third class; the fulcrum 
being the foot of the ladder resting upon the 
ground, the power being the hands applied to 
luse it, and the reajstanai being the weight of the ladder. 

206. In levers of the third class, the power, 
being between the fulcrum and the weight, 
will be at alesa distance from the fulcrutu thau 
the weight ; and, consequently, in this form 
of lever the power must be always greater than the 
weight. , 

Thus Cm Na 3, Rg. ei), if the length from the point where the weight, W, 
lianpended to F be three times the length of P p ^ben a weight of 100 




i a 
I 



Vaia so^Mided nt W will require a power of 300 uuWL 
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Under what 
cirenmstanoes 
do we employ 
lerera of the 
third cUm? 



Fig. 66. 



Owing to Its mechanical di8adTantage6» this class of levers 
is rarely usod, except where a quick motion is required, ratiber 
than great force. The most striking examples of levers of the 
third class are found in the animal kingdom. The limbs of 
animal.^ are generally levers of this descriptkin! - The socket 
of the bone, a, Fig. 65, is the fulcrum ; a strong muscle attached to the bone 

near the socket, c, and extend- 
ing tod^'w the pow^; and the 
weight of the limb, together 
with whatever resistance, tv, ir 
opposed to its motion, is the 
weight A very slight con- 
traction of the muscle in this 
case gives considerable motkn 
to the lunb. 

The leg and claws of a bird, 
are examples of the third class 
of levers, the whole arrange- 
ment being admirably adapted to the wants of the animal: When a bird rests 
upon a perch, its body constitutes the weight, the muscles of the leg the 
power, and tbo perch the fiilcnim. Now, the greater the weight of the body, 
the more strain it exerts upon the muscles of the claws, which, in turn, graap 
the perch more firmly : consequently, a bu-d sits upon its perch with the 
greatest ease, and never foils oflf in sleeping, smce the weight of the body is 
instrumental in sustaining it 

207. A Compound Lever is a combination 

What Is a i.-ii 

Compound Le- of sevcral Simple levers, so arranged that the 
shorter arm of one may act upon the longer 
arm of another. In this way, the power of a small force 
in overcoming a large resistance is greatly multiplied. 

Fig. 66. 





An arrangement of compound levers is shown in Fig. 66. Here, bymeanfl 
of three simple levers, 1 pound may be made to balance 1000 ; for if the long 
arm of each of the levers is ten times tlie length of the short one, 1 pound 
at the end of the first one will exert a force of 10 pounds upon the end of ths 
second one, which will in turn exert ten times that amount, or 100 pounds, 
upon the end of the third one, which will balance ten times that amount, <* 
\000 pounds, at the other extremity. 
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What are fh« 
diaadTantages 
of a eompottud 
lever? 



Describe fhe 
oomnion sted- 
yurd. 



208. The disadvantage of a compound lever 
is, that its exercise is limited to a very small 
space. 

209. The different varieties of weighing machines are varie- 
ties or combinations of levers. The common steel-yard is a 
lever ofanequal arms, belonging to the first class. It consists 
pf a bar (Fig. 67) marked with notches to indicate pounds' and ounce's, and a 
weight which is movable along the notches. The bar is fumisliod with tlirat 
booki^ or rings, on the lai^gest of which the article to be weighed is alwayi 
hung. The other hooks serve to support the instrument when it is in use, 
and the pivot by which they are attached to the bar serves as the fulcrum. 
The weight, Q, slidmg upon the bar, balances the article, P, which is to be 
weighed, it being evident that a pound weight at D will balance as many 
pounds at P as the distance A C is contained in the space D C. 

Fkg. 67. 




It may happen that when the weight Q is moved to the last notch upon the 
Tmu* B C, that the article P will still preponderate. In this case, the steel-yard 
is held by the hook or ring nearer to A, which hangs down in the figure, and 
the steel-yard turned over, it being furnished with two seta of notches on 
opposite sides of the bar. By this means the distance of P, the article weighed, 
from the fulcrum is diminished, and the weight Q, at the given distance upon 
thd opposite side of the fulcrum, will balance a proportionally greater resist- 
ance, or weight 

l^Mcribe th« ^^®* "^^ ordinary balance is a lever of the first class, with 
ordinary bal- equal arms, in which the power and the weight are neces- 
sarily equal. Fig. 68 shows the common form. The fulcrum 
tt axis, is made wedge-like, with a sharp knife-like edge, and rests upon a 
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fia, 68. aoriace of turdened •teol, cc 

«, in order that the beam 
maj turn eamly. The scale- 
pwu Bi^ inqwndad bj chaini 
from ptonta preciaelj at equll 
\ dlBtaiices from tlie fulcnu^ 
I aod being UiMUBelTca ac|)iiBtHi 
IB to bare prtaadj eqoA 
heights, tbe two lidss will perfectly balance when tbe paoa are emptj. 

ill. If the two anus of a ac^e-beam be not of pedM; 
dre "midua^ equal length, a Hmaller weight at (be end of the blger MB 
*ui m. baUiia will balaDoo a greater weight at the end of Ibe dtoner. An 
izceai of bair an inch in the length of tbe ann of the beam, 
o which rncrcbandise is alCadted, where the aim ahonld be 
eight incbca long, would dieat tlie bujer exaotlj one oanoe in eveiy ponnd. 
This fraud, if soBpected, might be detected instantly, hy tran^HMiug the 
weight and the article balanced; the lightett would tbeo be at (he end of 
the ehort ann, and would appear lighter titaa it actuall; i& 



veigbur 




wh.t I. tha 212. Platform scales, and scales infendrf 
rf'^'^u^m fo"" weighing hay, etc., are usually compound 
"•'"' levers, and are constructed io very variou* 

fcrms, but all depend on the principlcB above explaioei 
Fig. 69 represents one of the varieties, and Fig. 70 a »»• 
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tion of the same, showing the arrangement and combination 
of the levere. 

ai3. When a leyer is applied to raise n weight or Dvercomo 
■Unces limit ^ rcHataocs, tlio space tliroug!i wbicli it acts at any one time 
t^ 1^'""/ °* ^ stnaJl, and the work must bo accomplished by a succession 

of sliort and intermitting cflbrts. Tliese circumata.nces, there- 
fbro, limit the utility of the common lever, and restrict its use to those cases 
Dolj ID which naights are required to be raised tlirmtgli small spaces. 
f, . , 214. When, however, a contiouous motion is required, as io 

nxii motion rmsiag ara &om a mine, or in liftic^ the anchor or a. sliip, 
•''■'°**' in order lo remove the intermltiinj action of tlie lever, nnil 

reodw it continual, wc employ the simple machine known as the wheel and 
n-Tl g, which is only another Ibrm of the lever, in which the power is made lo 
act without mtermission. 

215. The form of the simple machine de- 
vumi and nominated the Wherl and Axle, consists of 

a cylinder, termed an axle, revolving on an 
axis, and having a wheel of larger diameter immovably at- 
tached to it, so that the two revolve with a common mot<on. 

DeKribe tba '° ^'^- '^' "*■ '^P™^"'^ FlO. 11. 

teiian ot the tbe axle with a wheel im- 
wbeel and mojably attached to it, and ■ 
the wheel turning on pivots ;' 
inseitod into the ends of the axle. Around i 
(his axle is wound a rope, to which is at- || 
tMbad tba weight W, and around the wheel || 
is ■m^hur mpe, to wbicli the power, P, is 
ii^med. It H evident Uiat one turn of the i 
Tbeel will nawind as much loorc rope fl 
the wheel thaa il winds on tbe axle, as 
circumference is greater. The power, P, will therefore pass over a much greater 
qioce than the weight W, The weight on the asle, which may be considered 
u acting on the short arm of a lever which is the radius* of the aile, may 
be mucli heavier than tbe power whicb acts at the long arm of a lever, which 
. h the nidiiu of the wbeeL 

Hencg tbe advantage gmaed in tbe wheel and axle is equal to ttie numbet 
gflimes that the radius i^the axle is contained in the radius of tbe wlieel, 
Ud to egtimate the mechanical advantage gained by tbe wheel and axle, w* 

I bin the lollowiag rule : 
Hw do wo 216, The power is to the weight, as the 
MjintTio 'of diameter of the wheel is to the diameter of 
I XV^^'"^ the axle. 

■ Tla ndisi of a wbmi, or crllodar, la iU nml-dUmeCer UiW in-n from lli cen- 

l •'talodiauBlkniut. Th« ^ok* of a surUgi vbHl r^ *'! * „ ui nUaa. 
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Fig. 72 represents a section of the wheel and axle, showing the radios 
of the axle, b r, and the radius of the wheel, a c. The two being in a 



Fio. 72. 




8trni;^ht line, the weights hanging in opposition are 
always as if thjy wcro connected by a horizontal lever, 
a c />, turning on a fulcrum at r. If the radius of tho 
wbt'cl, or t'.io length of the longer arm of the lever, a c, 
bo 21 inclics, and the radius of tho axle, or the length 
of the shorter arm, c h, be 3 inches, then the advantage 
jifained would be 24-f-3 = 8, and a power of 100 pounds 
applied to the wheel would balance a weight of 800 ap- 
plied to the axle. 

-, . 217. The methods of applying power 

ply power in m the Wheel and axle are very various, 
axieT***^* **"** it not being essential that the power should be applied by a 
rope. The axle is sometimes placed in a vertical or upright 
position, and tho power applied by means of levers, or bars, inserted into holes 
Fia. 73. in one end of the axle. A capstan ofa ship, Fig. 

73, is an example of thia 

In the windlass, a handle, or winch, is sub- 
stituted in the place of a wheel. (Seo Fig. 74.) 
In this case, the advantage gained is equal to 
the number of times that the length of handle is 
greater than the radius of the axle. Thus, if the 
handle is 20 inches and the radjus of the axle 
is 2 inches, then the advantage would be 10, and 
a power of 50 pounds applied at the handlo would 
just raise a weight of 10 times 50, or 500 pounds. 

When a weight, or resistance, of comparatively groat amount is to be raised 
by a very small power, by means of the simple wheel and axle, either of two 
inconveniences would ensue ; either tho diameter of the axle would become 
too small to support the weight, or the diameter of the wheel would become 
so great as lo be unwieldy. This has been remedied by a very simple a^ 
Fig. 74. rangement, called tho double axle, Fig. 74. 

The axle of the windlass here consists of 
two parts of unequal diameters, and the. 

rfff J fill } } \ ^°P^ winds around them in different direo- 

° W — V / 11 V 7 tions; tlierefore, every turn of the wind- 

lass, cr handle, winds up a portion equal 
to the circumference of tho one, but un- 
winds a portion equal to the circumference 
of the other, and if the two be nearly equal, 
the weiglit moves very slow. If the weight 
rise 1 inch while the handle describes 100 
inches, 1 pound at the handle will balance 100 attached to the rope. 

In this arrangement space and time are exchanged for power in a most 
convenient manner. 
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FlO. 75. 



Vben gnai power is required, vheels uid ailea msy be Mitnbiiied to- 

getlicr io a manuer nmilar to tliat ot tiie compound lever already ezplaiued 
(g !D7). B7 suchacombinalion ire gain (ho adTanl^eof usinga rer? larga 
wbeet witli a smaU axle, witliout tlieir iDC!onvenJei:ces. 

218. Tlie moat ft^uODt met.od of traDamittinK motion 
■Mat rrcquent through a comtrioatiuD of wheeln, is by (be construc(ion of 
"™'''^ltl^B *^''' "P"" ^^^' cifcumlferpncc, so tliat the tettb of each 
TiKitio'i tfarougta wh^ &lling between Ihoee of (be odier, (be one necesunly 
Vrtieela"'*"'' pushes ftirward tbo other. When teetli are thus nfflied to 

the circumference of a wheel, tliey are (crrne,! cogs; upon aa 
».cb, they are termod leava, while the aile itself is cilL-d apiition. 

Fig. 76 reprcsentaaeoDibiiuKioii 
of witeelB and ailes lor the trana- 
miauon of power. If the teeth on 
the axle of the wheel c act nn aix 
times the number of teeth on the 
circumference of the second wheel, 
the second will turn only ooce for 
evely ^x turns of ttie fir^t. In the 
same maoner the second wlieel, by 
turning six times, turna the third 
wheel once; consequently, if the propoKion between the wheeia and their 
axles be preserred in. all three, the third turns once, (be second six times, 
and the first thiny>six times. Now, as tlie wheel and axle act in nil respects 
like a simple lever, and a combinabon of wlieeU and axles as a combina- 
tion of levers, there is no difficult in underalanding how a mechanical ad- 
Tant^e Is g^ned by this contrivance. Tho power is to the weight a» the 
prodoct of the diameter of all the axles is to tho product of the diameter erf 
all the wheeU. Thus, ifthe diameter of all the axles be expressed by the 
nmnbers 2, 3, and i, and the diameters oC the wheeK c, / and g, be expressed 
by the numbers 30, 25, and 30, then power will be to ttie wcigl^t as 2X3X 
4=2*, is to 20X26X30 = 15,000;— or a power of 24 at tho fitst wheel will 
balance I !l,000 at the axle of the last wheeL 

219. One of the moet familiar instances ofmnibined whetl- 
work is exhibited in clocks and watches. One turn of the axle 
on which the watch-key is fixed, is rendered equivatcut, by a 
train of wheel-work, to about 400 lums, or beats, of tlio bal 
ance-wheel ; and thus the exertion, during a few aeconda^ of 

T thirty hours. By 




Wlut ■ 



Hand which winds up, gives motion for twenty-four, 
Vjg ifB increasing the number of wheels, 



Fia. 7 



>s are made which go for 
1 year, or a greater length of time. 
Wheels may be connected and 
motion coinmunicated from one to 
the other, by Iwods, or belts, as well 
« by teeth. This principle is seen in the spinning-wheel and 
'wung-lathe. A spinninj^wbee^ is a e, F^- 76, of tb\itj ini^ea N 



KD 



102 



WELLS*8 NATURAL FHILOfiOPHT; 




ference, turns by its band a smaller wheel, or spindle, h^ of half an incb, sizty 
times for every revolutioa of a c. 

When the wheel is intended to revolve in the same direction with the one 

from which it receives its motion, the band is attached as in Fig. 76 ; but 

when it is to revolve in a contrary direction, the band is crossed, as in Fig. 11. 

In many wheels power is communicated by means of a weight apphed to 

the circumference. 

YiQ 78 ^" *^*® tread-mill (Fig. 78) a number of persons 

stepping upon the circumference of a wheel caua6 
it to revolve. Similar macliines are often adopted in 
ferry-boats, moved by horses, and called ^'borse^ 
boats." 

In most water-wheels, power is obtained by the 
action of water applied to the circumference of the 
wheel, which is caused to revolve, either throu^ the 
weiglit, or pressure of the water, or by both conjointly. 

220. The Pulley is a small wheel fixed in 
a block, and turning on an axis, by means of 
a cord, which runs in a groove formed on the edge of the 
wheel. 

This simple machine is represented in Fig. 79. Fia. 79. 

220. Pulleys are of two kinds ; 
— fixed and movable. 

221. By a fixed pulley we 
mean one that merely revolves 

on its axis, but does not change its place. 

Figs. 79 and 80 are illustrations of fixed 

pulleys. In Fig. 80, C is a small wheel turning upon its 

axis, around which a cord passes, having at one end the 

power P, and at the other,- tlie resistance, or weight, W. It 

Fig. 80. is evident that by pulling the cord at P, the weight, W, must 

ascend as much and as fast as the cord is drawn down 

As, therefore, the power and the weight move with the 



What Is 
Pulley? 



How many 
kinds of pul- 
leys are there? 

What is a fix- 
ed pulley? 



Describe the 
working and 
advantage of 
the fixed pulley 




Q' 



same velocity, it is clear that they balance one another'- 
and that no mechanical advantage is gained. 

In all the applications of power there are always somo 
directions in which it may be exerted to greater advan- 
tage and convenience than others; and in many eases 
the power is capable of acting in only one particular di- 

®L rection. Any arrangement of machinery, therefore, which 
(fj will enable us to render power more available, by apply- 
ing it in the most advantageous direction, is as convenient 
and valuable as one which enables a small power to balance or overoome a: 
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What are fa- 
miliar appliea- 
tions of fixed 
puDeye? 




great weight. Thus, if we wish to apply the strength of a horse to lift a 
heavy weight to the top of a building, we should find it a dif&cult matter to 
accomplisU directly, since the horse exerts his 
strength mainly, and to the best advantage, in 
drawmg horizontally ; but by changing the di- 
rection of the power of the horse, by an ar> 
rangement of fixed pulleys, as is represented 
in Fig. 81, the weight is lifted most readily, 
and the horse exerts bis power to the best ad- 

223. A fixed pulley is most 
iiseful for changing the direc- 
tion of power, and for apply- 
ing power advantageously. 

By it a man standing on the ground can raise 

a w^ifjbJk to the top of a building: A curtain, a flag, or a sail, can be readily 

raised to an elevation by a fixed pulley, without ascending with it, by draw* 

ing down a cord running over the pulley. 

whatisamov- 224, A MoVABLE PuLLET differs from a 
aue puuey? g^^ puUcy in being attached to the weight ; 
it therefore rises and falls with the weight. 

Fig. 82 represents a movable pulley, B, associated, as it Fio. 82. 
most commonly is^ with a fixed pulley, C The movable pulley, 
B, is often called a " Runner." 

225. In the fixed pulley. Fig. 80, it will be 
readily seen that to move the weight, W, at P| 
one end of the cord, passing over the pulley, a 
greater weight must be applied at P, for if P 
is only equal to W, ttiey will balance one an- 
other. I^ however, we fiisten one end of the cord to a fixed support, as at 
F, Fig. 82, and pass it under the groove in the movable pulley B, to which 
the weight, W, we desire to raise is attached, and then carry it over the fixed 
pulley C, we may lift a force of 100 pounds at W by an application of 50 
pounds at P. To understand this, we must remember that tlio weight W is 
supported by the cords B F and B C on each side of the movable pulley B; 
and as each are equally stretched, the weight must be equally divided be- 
tween them ; or, in other words, the point of support, F, sustains half the 
weight, and the power, P, the other halC A person, therefore, pulling at F, 
will raise the weight by exerting a force equal to its half But the cord at P 
must move through two feet to raise the weight W one foot. 

When still greater power is required, pulleys are compounded into a system 
containing two more single pulleys, called Blocks, and these again are com- 
bined in a compound system of fixed and movable pulle3rs. 

A single movable pulley may be so arranged that the power will sustain 
three times its own weight Such an arrangement is represented in Fig. 83.. 



What is the ad- 
Tantage gained 
by the use of a 
movable pul- 
ley? 
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li >ir is power 
ghined afc the 
expense of 
time in s sjs- 
tem of pul- 
leys? 



In this we have foar cords, one employed in soataining the PiOb 83. 

power, P, and the oUier sustaining the weight; conse- 
quently the power will be to tlie weight as 1 to 3. In 
Fig. 84, we haVe two blocks, each containing two mngle 
pulleys. The rope is tlius divided into five portions^ eadi 
equally stretched; one is employed in supporting the 
power P, and four sustain the weight With this qrstem 
a power of 1 will balance a weight of 4. 

226. In all these arrangements of pul- 
leys, the increase of power has been gained 
at the expense of time, and the space 
passed over by the power must be double 
the space passed over by the weight, mul- 
tiplied by the number of pulleys. That is^ in the case of 
the single pulley, the power must pass over two feet to 
raise the weight one foot; and with two movable pulleys^ 
as in Fig. 84, the power must fall four feet to nuse the 
Fio 84 weight one foot. 

Instead of folding the string on the pulleys enture, it is 
sometimes doubled into separate portions^ each pulley 
hanging by a separate cord, one end of which is attached 
to a fixed support. Here a very g^reat mechanical advan- 
tage is gained, attended, however, with a corresponding 
loss of time. In an arrangement of such a character, re^ 
presented in Fig. 85, the weight W, is supported by the 
two parts of the cord passing round the movable pulley, 
C ; and as each of these parts is equally stretdied, the 
fixed support will sustain one half the weight, and the 
next pulley in order above 0, namely B, may be- consid- 
ered as sustaining the other half. But the two parts of 
the string which support the pulley B, again divide the 
weight, so that th ^ puDey A. which is attached to one of 
them, only sustains one quarter of the first weight, W. 





The string which passes around A again divides this 
weight, so tliat each part of it sustains only one eighth 
of W. The fixed pulley serves merely to change the 
direction of the motion. In this system, therefore, a 
power of 1 will balance a weight of 8. 

227. In general, the advan- 
tage gained by pulleys is found 
by multiplying the number of 
movable pulleys by two, or by 
multiplying the power by the number of 
folds in the rope which sustains the weight, 
where one rope runs through the whole. 



Fig. 85. 



How may the 
advantai:^ 
cained hj pul- 
leys, be aacer- 
ned? 




TBB MLKStVn OP KACBINXBT. 



lOO 



Fio. 86. 



ItaUeni) 



' riiaa a, velgtit of 12 poonds may be balanced by rour movable piiUeyi bj 
iweight or povrer of 9 pounds; with two pullsTa, by a power of 18 pounds 
vitb one mov&ble pulley, b; a power of 36 pouods. 

These rules apply only to tDovable puUeya m the samo block, when the 
juita of the rope whicb Eustain tba weight are parallel to eaoli. The niechaO' 
iai advantage wbicb the pulley apptars to poKtesa iu theory, is considerably 
diminished in practice, owing to the Btiffneas of the ropcis and the friction <tt 
the rop«s and wheels. From these causes it is estimated that two thirds of 
tb.' poiver is lost When the parts of the cord are not parallel, the itreogtb 
tt the pulley ia very greatly diminiahed. 
„ ^_ 228. Fised and raoT- 

, able pulleys are arranged 

' in a great variety of 
lonos, but the principle upon which all are 
eoneuncted is the same. What is called a 
"tadcle and fall," or " block and tackle," 
IB nothing but a pulley. Cranes and 
derricks aro pieces of mechanism usually 
xoaistjng of combinations of toothed 
vbeels and pulleys, by means of which 
natenals are liRed lo different elevations 
—as goods from vessels to the wharvea, 
raadiDg msteiials from the. ground to 
ite stt^ where the builders are en- 
;^ed, and for similar purposes. One 
3f the most simple forms of movable 
eraoes ia represented in F^. 86. It 
mnsistB of a strong tritmgQhff ladder, at 
the top of which is a fixed pulley, C, . 
orer which tlie rope attached to the oh- ~ 
jeot to be e)eval«d passes, and is carried ; 
down to the cylindrical axle, T, upon , 
vhich it is wound by means of bars ii 
seKed In holes, or by a crank. This 
Wdei is indined more or less from the 
opri^t position by means of a rope, 
■R which is attsclisd to bmho flxed point 
jta diatonca. 

-niMimtn- ^9. The lycLiifED pLAKEConsists of ahard 
<ita«iFi*Mr plane Burface, inclined at an angle. 

a^tnu the ^n ^e- 87, a 6 e repro- Fio. 87, 

OwdPimt 23Q_ jf ^ attempt, for 

''istsiiro, to raise a cask, or any other 
^wvy body into a .wagon, we may find . 
Ibrtmir ■lnngt& b unequal tb UfUog tt ' 
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How do we 
derire a me* 
dianical ad> 
vantage from 
an indined 
plane? 



directlj, while to haul it up bj pulleys would be very inoonreiiieDt, if not 
impossibla We may, however, accompliah our object with ooraparatiye ease 
by rolling the cask up aa indiaed plank, and exerting our force in a direction 
parallel to the inclined surface of the plank. 

The plank, in this instance, forms an inclined plane, and we 
gain a mechanical advantage, because it suppcnts a part of 
the weight. 

If we place a body upon a horizontal plane^ or sur&ce, it if 
evident that the surface will support its whole weight; if we 
incHne the surface a little, it will support less of the weight, and as we elevale 
it more, it will continue to support less and less, until the siufaoo becomes 
perpendicular, in which case no support will be afforded. 

231. The advantage gainc'd by the use of the inclined plane maj be esti- 
mated by the following rule : 

How can we 232. The power is to the weight as the per- 
SvSTuge^. pendiciilar height of the plane is to its length. 

If the f "^ Un "d ^^^^ ^^"® *^ ^^^^ appear that the less the height of the in- 
plane ? chncd plane, and the greater its length, the greater will he 

the mechanical advantage. Thus, in Fig. 88, if the plane, e 
rf, be twice as long as the height, e d^ FiG. 88. 

one pound at p, acting over the pulley, 
would b'llancc two pounds any where 
between c and d. If the plane, c d, 
were three times the length of d c, 
then one pound at p would balance 
three pounds any where on the plane, 
c dy and so of all other quantities and 

proportions. 

233. Beads which are not level may be considered as In- 
clined planes, and the inclination of a road is estimated by 
the height which corresponds to some proposed length. Thus, 
we say a road rises one foot in twenty, or one in fifty, mean- 
ing that if twenty or fifty feet of the road be taken, as the length of an in- 
clined plane, the corresponding height of such a plane would be one foot^ and 
the difference of level between the two extremities of such a length of road 
would be one foot. 

According to this method of estimating the inclination of 
roads to be roads, the power required to sustain, or draw up a load, frifr 
constructed t ^^^^ ^^^ considered, is always proportioned to the rate of ete* 
vation. On a level road, the carriage moves when the horse exerts a strengtli 
sufficient to overcome the friction and resistance of the atmosphere ; but in 
going up a hill, where the road rises one foot in twenty, the horse, beside 
these impediments, is obliged to exert an extra force in the proportion of one 
to twenty, or, in other words, he is obliged to lift one twentieth of the load. 
It is, therefore, bad policy ever to construct a road directly over the sumnu* 
of a hill, when it ban be avoided, beoouae, in addition to the force nc 
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to overcome the fiictioii in drawing a heavy load up the steep incKne, wd 
mast add additional force to overcome the gravity, which acts parallel with 
the inclined plane of the road, and tends constantly to make the load roft 
back to' the bottom of the slope. This force increases most rapidly with the 
steepness, and consequently requires an immense expenditure of power. 
An equal power expended on a road gently winding round the hill, with an 
increase of speed, would gain the same elevation in much less time. 

An intelligent driver, in ascending a steep hill on which there is a broad 
road, winds firom side to side, since by so doing he diminishes the abruptness 
of the ascent (the plane being made longer in proportkNi to its height^ and 
thus favors the horses. 

Our common stairs are inclined planes, the steps being nmly for the pur- 
pose of obtaining a good foot^hold. 

234. In the inclined plane, as in all other Simple machines, 
pSned'aTThtt ^ S^^ ^ power is attended with a corresponding loss of time, 
expeoaeoftime A body, in ascending an mclined plane, has a greater space 
pi.n^i f ° to pass over than if it should rise perpendicularly. The time, 
therefore, of its ascent will be greater, and it will thus oppose 
less resistance, and consequently require less power. 

What is a 235. The Wedgk is a movable Fio. 89. 

Wedge? inclined plane. It is also defined 
to be two inclined planes united at their bases, 
as A B, Fig. 89. 

In the inclined plane, the weight moves upon the plane, 
which remains stationary ; but in the wedge, the plane itself 
is moved under the weight. 

236. The cases in which wedges are most 
•re Wedges generally used in the arts, are those in which 
Bsed in . the j^ intense force is required to be exerted through a very small 
space. It is, therefore, used for splitting masses of wood, or 
stone, for blocking up buildings, raising vessels in docks, and pressing out the 
oil from seeds. In this last instance, the seeds are placed in bags, between 
iwo surfaces of hard wood, which are pressed together by wedges. 

Upon what 237. The usefulness of the wedge depends 

eSS ***of" toi 9» friction ; for if there were no friction, the 
JJ^ ^•^ wedge would fly back after each stroke of the 

driving force. 
Hoir does the 238. The powct of the wedge increases as* 
^d^fn-"** the length of its back, compared with that of 
'^'**^^ its sides, is diminished. Hence, it follows that 

the power of the wedge is in proportion to its sharpness. 

The power commonly used in the case of the wedge, is not pressure, but 
pefcuasion. Its edge bdng mserted mto a fissure, the wedge is driven in by 
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What are fa- 
miliar exam- 
l^es of the use 
or application 
of the Wedge 
iu the arts ? 



FiO. 90. 



What is the 
Thread of a 
Screw? 



•blows upon its back. The tremor produced when the wedge is stradk wiA 
a violent blow, causss it to insmuate itself much more rapidly than it other- 
wise would. 

239. The edges of all cutting and piercing instrumental 

such as knives, razors, chisels, nails, pins^ etc., are wedges. 
The angle of the wedge in all these cases is more or 
less acute, according to the purpose to which it is applied ' 
Chisels intended to cut wood have their edges at an angle of 
about 30° ; for cutting iron from 50° to 60°, and for brass about 80° to 90<>. 
In general, tools which are urged by pressure admit of being sharper than 
those which are driven by percussion. The softer, or more yielding the sab- 
stance to be divided is, the more acute the wedge may be constructed. 

What is the 2^^- ^^^ Screw is an inclined plane wind' 
Screw? jjjg romjd a cylinder. 

This may be illustrated by cuttmg a strip 
«>f paper in such a way as to represent an in- 
clined plane, and then winding it round a 
cylinder, or common lead pencil, as is repre- 
sented in Fig. 90. 

241. The edge of the 

inclined plane winding 

about the cylinder, or 
xhe coil of the spiral line which 
it describes upon the cylinder, con- 
stitutes the Thread of the screw, 
and the distance between the suc- 
cessive coils is called the distance 

BETWEEN THE THREADS. 

The screw, surrounded by its spiral line is represented in Fig. 91. 

The screw is not applied directly to the resistance to be Fia. 01. 
overcome, as in the case of the inclined plane and wedge, but 
the power is transmitted by means of what is called the Nut. 

What is the 242. The Nut of a screw is a 
rftttofascrcwf 1^1^^]^.^ ^j^l^ ^ cylindrical cavity, 

having a spiral groove cut round upon the 
surface of this cavity corresponding with the 
thread of the screw. 

In this groove the thread of the screw will move by causing 
the screw to rotate. Each turn of the screw in the nut will cause it to adraoco 
or recede a distance jutt equal to the interval between the tiireads. 
Is the Screw, Generally, the nut is stationary and the screw movable, bot 
moni^f ^"'' the nut may be movable, and the screw stationary. 
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iw la pow«r **^ PowCT ia commonly spplied to tba screw by means of 
^Uai to ttaa ft lever, eitber attached to the nut, or to the head of the screw, 
*' * as seen in Fig. 92, By varying tlie length of this, the poww 

ij be lodeflDiteiy increased at the point of resistance. The screw, there- 
e, sins withtho combined power of the IsTer and tlie inclined plane. 



FlO. 92. 



Z^- 



Thus, in Fig. 92, /if is the lever, c the nut, 
a d the screw, and e the block upon which the 
substance to be pressed is placed. As iu all tlie 
other simple machines, the advantage in iLia u 
estimated by the relative diataDces passed over 
bv the power and the weight If the distauca 
of the spiral threads of the screw is 1 inch, and 
the handle of the screw, that is the lever, is 2 
feet in len^, then the extreniity of the lever 
will describe a circle of over 13 feet in turning 
round, but the screw will only advance 1 
Inch. The ratio between tbe power and the 
weight will be, therefore, as 1 inch to 12 leet, or 
as 1 to 114. Consequently, if a man is capable 
iierting a force of GO pounds at the end of the levoi^ the screw will ad- 
ice witli a fiirce of 8.610 pounds. If the distance of the threads had been 
n inch, the power exerted by the screw would have been doubled. In 
I illustration friction has nut been taken into accounti tbia will diminish 
total efiect nearly one fourth. • 

ristbend- 244. The advantage gained by the screw is 
^ ^m i"* proportion as the circumference of the circle 
"•'*" described by the power (that is by the handle 
the lever) exceeds the distance between the threads of 



[ence the enonnoiM mechanical force exerted by the screw is rendered 
lent. There is no limit to the smallocsa of tlie distance between the 
lada except the strength it is oecestiary to give them ; and there is no limit 



magnitude of the circumference 
necessary tacility for moving it 

It uTo f«- ^^- "^^^ *'^" "* 

irippttoi- generally nsed where 
Vt"' "* ^^^ pressure is to be 
exerted through small 
«9; hence its npptication in presses 
11 kinds; for oxtrGcting the Juices 
?eds and (hiils, in comprereing cot- 
hay, etc., as also for coining and 
ohing. For the two latter opera- 
s it is oanaed to act with enor- 



be described by the power, except 
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mens fnnTgy bj iiicbdr of lb« 
md tit a luug lever, or hoadlc, aa 
oral tuns loay UiUd be upplied at 

Wlicn tlie thread or a screw 
tntllMiHrrnTf ^"''^ i^i tlie tectli Of a wheel, U 
is BhowQ in Fig. M, it oonatitatea 
wluit ia ciiUed im endli'sa ajkw. Such a ocm- 1 
ia otU'utiraos a very convenient metbod _.,, [ 



wo haavj balla attadied (o da 
repreMDtMl in Fig. S3, A fatca cf mt 



of appI}'iD){ pou'i 



weak, and 



241). Tba efficacy of » ktbw 

' inorcuses witb the floenega of 

I the Eiircad ; but a practical limit 

IB BooD DttainiMl, for if the thread 

be made too fine, it will become 

liable to bo torn oK To obtain 




Fio. 95. '^ indeflnito inoresae of the strength of the sc 

without dimiaiahing the atrength of the thread, m 
have a contrivaoce known as " Hnuter'a «tbw," lep- 
resented in Fig. 96. It consista of a screw. A, woA- 
ing in a nut. To a movable bottom-board, D, a sec- 
ond screw, B, ia affixed. This second screw worlu in 
the interior of A, which Is hollow, and in whk* a 
corresponding thread is cut When, therefore, A ii 
screwed downward, the threads of B pass upwaid,aiiil 
the movable piece, D, ui^ ibrward by the screw 
whicli has tlio greater thread, it is drawn back b; tint 
I ' - ' ' i whicli has the leas ; so that durinR each revolution Bn 

screw instead of boiog advanced throoghaspaceeqail 
to the breadth of either of the threads, muvcs through a apace equal to ibw 
difierriifo. Suppose the distance between the threads of A to be l-20th of 
an indi, and uf B l-liUt of an inch ; then in tumiog the screw A once^ tba 
board D will desoL-nd a distance equal to the difTercnce between l-20th and 
l-2l3t, or the l-4Z01h of an inch. Hence, if the drde described by tbe ban- 
die be 26 inches while the screw advances l-420th of an inch, the powerwiU 
be to the weight as 1 to S,400. 

241. All niacliines. however complicated, arc made up of eombinationi d 
tliedx simple machines. If wa examine the construction of any complex mt- 
chin^ as a steam-eni^no, a loom, a spinning machine, or a time-piece, ws 
shall find that they are composed of simple levers, wheels and axkil 
screws, et<%, connected together in an endless variety of forms, to fitna » 
complete whole. 

In the practical application of machinery, it rardy ot new 

rarco in rnn- happens that the moving force is capable of ptodncing directif, 

riled ^rectrvT *''^ particular kind of motion required by the machine to per- 

form the work to which it is adapted. Expedients mirt 

(bere&re be resorted to, by moans of which the motiooB which the moviiB 



THE SLEMSNTS OF MACHIKSBT. Ill 

power is capable of exerting directly can be converted into those which are 
necessary for the purposes to which the machine is applied. 

How many 248. The Varieties of motion which occur in 

tio"T?*aM SSl machinery are divided into two classes, viz. : 

dSa'^?""'*' Rotary and Rectilinear Motion. 

What is Rota- 249. In Rotary Motion, the several parts 

ry Motion? rcvolvc Tound an axis, each performing a com- 
plete circle, or similar parts of a circle, in the same time. 

«^ . . » 250. In Rectilinear Motion, the several parts. 

What is Rec- . ^ ' it i • \ 

tiunear Mo- of a movmg Dody procccd m parallel straight 
lines with the same speed. 

Examples of rotary motion are seen in all kinds of wheel work, and exam* 
pies of rectilinear motion in the rod of a common pump, the piston of a steam- 
engine, the motion of a straight saw. 

What is Redo- ^^ rojary and rectilinear motion, if the parts move con- 
rocatiug Mo- stantly in the same direction, the motion is called continued 
****"' rotary, or continued rectilmear motion. If the parts move 

alternately backward and forward in opposite directions, passing over the 
same spaces from end to end continually, the motion is called reciprocating 
motion. 

How are rota- 261. The method by wliich a power having one of these 
ryand recipro- motions may be made to communicate the same or a different 
eonverted iito ^^hid of motion, involves a lengthy description of a great 
oaeh other f variety of machinery; but the most simple and common plan 
of converting rotary motion into rectilinear, and rectiUnear motion back again 
into rotary, is by means of what is called a Crank, 

What is a 252. The Crank is a double wiach, or han- 
crank? jj^^ q^^^ jg formed by bending an axle so as 

to form four right angles, facing in opposite directions. 

It is represented complete in Fig. 96. Attached 
to the middle of C D, by a joint, G, is a rod, H, 
which is the means of imparting power to the crank. 
ThlB rod is driven by an alternate motion, like the 
brake of a pump. The bar C D is turned with a ^ . 
eircalar motbn round the axle A F.* """~" uu 

What disad- ^^® disadvantage attending the c_jQc. 

rantages at- use of- the crank is, that it is incapa- q 

Sthe crank* ^^® ®^ transmitting a constant force 

to the resistance. This is illustrated* in Fig. 97. In No. 1, 

* The terms axis, axle, arbor, and shaft. In mechanics, ar>i generally understood to 
jnean the bar, or rod, which passes through the center of ^ ^heeL A gudgeon is the pin, 
or ispport, on which a horizontal shaft turns : the pins up^g wl^c^ "^^^right shaft tarns 
ar» eaUed plvoln 
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whore Hie arm of the crank is hMizontal, the power 
from tbe rod acta with t)ie greatest advantage, aa 
at the extremity of a lever. But when llio rod 
which communicates motiun Etanda perpendicular 
with the arm of the crank, aa in Na 2, which is 
the case twice during cveiy revolution, the power, 
however g;reat, can ex^ no effect upon the resist- 
ance, the wliole force being espended in producing 
prasaure upon the aile nnd pivots of the crank. 
Such a situation of the rod and the «nn of tha 
crank is called the dead point, and when the ma- 
hinei7 Btops, hb is ollen the ca^, it is said to be 
"set," or "caught on its center." The difficullj ia 
generally overcome by the employment of a fly. 
wheel (§ S I), which, by ita inertia, keeps ixp tbe 



wh«i pmpor. 253. The most serioua obstacle to tlie per- 
2^'^"' 5 fection of machiaery is Friction; and it ia 
iBtbyfrfcdonf i,ayany coDsidered to destroy one third of the 
power of a machine. 

254. Friction is of two kinds : sliding and 

kind! of Mo- rolling. Sliding friction is produced by the 

"* *" eliding, or dragging of one surface over another ; 

rolling friction is caused by the rolling of a circular body 

upon the surface of another. 

Friction inetwises as the weighty or preeaure indeaaea, aa 
^^iMrMef" *''^ Bur&OeB in contact are more eictensive, and aa tlie rougli- 

nes9 of the surfaces increase. With suiiitces of the game 
material, Diction ia nearly proportional to the pressure. 

Fiiction duninishes aa the weight or pressure is less, aa the 
^ITi^biWit polish or smoothness of the moving surfaces is more perfect, 

and a.1 the surfaces in contact are smaller. It may also be 
diminished by applying to the surfaces some unguent, or grcosy material; 
oils, tallow, black-lead, etc., are commonly used for this purpose ; they dimin- 
ish friction by fllUng up the minute cavities and smoothing the irregularities 
that exist upon the surfare.* Oils are the bast adapted for diminishing tha 
frietion ofmelala, and tallow the friction of wood. 

a, tppeu roDih ud unsvsn vIub 
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Whkt are the ^^^' ^^^^ although an obstacle in tho working of ma- 

adrantages of diineiy generally, is not without some advantages. Without 
*^**'***°' friction, the stones and bricks used in building would tend to 

&B. apart frcHn one aootiier. When nails and screws are driven into bodies, 
with a view of holding them together, it Ls friction ulono tliat maintains tltcm 
in their places. The strength of cordage depends on tho friction of tho short 
fibers of the cotton, flax, or hemp, of which it is composed, which prevents 
tliem from untwisting. In walking, we are dependent on friction for our 
fx>thold upon the ground: the difficulty of walking upon smooth ice illus- 
tntes this roost dearly. Without friction we could not hold any body in tho 
hand; the difficulty of holding a lump of ice is an example of this. Widiout 
frkiticMi, the locomotive could not propel its load ; for if tho tire of the driving 
wheel and the rail were both perfectly smooth, one would slip upon the other 
without afibrding the requisite adhesion. 

^^ 256. Experiments seem to show that tho friction of two 

tkm between sur&ces 6f the same substance is generally greater than tho 
^firaT mh^ friction of two unlike substances. Tlio friction of polished 
■tanees eom- Steel against polished steel, is greater than that of polished 
P*™* steel upon copper, or on brass. So of wood and various 

other metals. 

251. For transporting very heavy timbers, or large castings, 
w^ls" 'tis wheels of great size are used, as by their use tho weight is 
for transport- moved witii greater facility, and tho roughness of the road 
vlS^ur ^ more easily overcome than with small wheels. Tho reason 
of this is, that the large wheels bridge over the cavities of tho 
road, instead of sinking into them ; and in surmomiting an obstacle, the largo 
circumference of the wheel, causes the load to rise very gradually. 

The resistance of sliding friction is much greater than that of rolling fric- 
tion. In the wheel of a carriage there is rolling friction at tho circumference 
of the wheel, but sliding friction at the axles. In a locomotive, the soK^allcd 
driving wheels are turned by the force of the steam-engine ; the whole car- 
riage rolls on m consequence of this rotation ; for if the locomotive were to 
remain at rest, the wheels could not revolve without sliding on the rails, and 
ovenxMuing a great amoimt of sliding friction ; but by rolluig, the wheels havo 
only the much smaDer rolling friction to overcome. The machine, therefore, 
^Doves onward, this being the direction in which its motion will experience 
the least resistance. 

The load which a locomotive is capable of drawing depends, not only upon 
fte force of its steam power, but also upon tho weight cf the engine, or, in 
oiher words, upon tho pressure of tho driving wheels upon the rails, the fric- 
tion increasing with the pressure. If wo assume that two locomotives havo 
equally strong engines, but that one is heavier than the other, a greater 
weight will be propeDed by the heavier of the two. 

Friction is generally resorted to as the most convenient method cf retard- 
ing the motion of bodies, and bringing them to rest. The different modificft' 
tions of machinery employed for this purpose are termed Brakes, 
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PRACTICAL PROBLEMS IK MECHANICa 

L What mast Im the hone-power of « loeomotfra eof^oe vhleh mores aft the eonstut 
speed of 25 miles per hour, on s lerel track, the weight of the train heing 80 tons, and the 
reslbtance from friction being eqnal to 480 pounds? 

2. If a lerer, twelre feet long, have its fnlenun 4 feet from th« wd^ at one end, sad 
this weight bo 12 pounds, what power at the other end will balanee f 

3. In a lever of the first class a power of 20 at one end balaaoes • wcdi^t of 100 at the 
other : what is the comparative length of the two arms? 

4. In a lever of the first class, 6 feet in length, tiie power is 7K, and tlie wci|^t tt 
pounds: where must the fulcrum be jdaoed in order that the two may taalanee? 

6. Two persons carry a weight of 200 poonds suspended from a pole 10 feet long; one 
of them being weak caa carry only 75 pounds, leaving the rest of tiie load to be esrriei 
by the other : how far from the end of the pole must the weight be suspended ? 

6 A lever of the second class is 20 feet long : at what distance from tiie ftilcmm nuul 
a weight of 80 pounds be placed in order that it may be snstsfaed bj a power of M 

pounds * 

7 In a lever of the third class, 8 feet long, what power wHl be required to bshnees 
weight of 100 pounds, the power being i^;iplied at a distanee of 2 ftet frmn tlM fnlorm? 

8 A power of 5 pounds is required to lift a weight of 80, bj means of the whed sad 
axlte : what must be the proportionate diameters of the wheel and axle ? 

9. A power of 60 acts on a wheel 8 feet iu diameter : what weight suspended from a 
rope winding round an axle 10 inches in diameter will balance this power? 

10 In a set of cog-wheels the diameters of wheel and ada are, first T and I, 
second 8 and 1, third 9 and 1 : a power of 25 being appUed at the droumference of ttn 
first wheel, what weight will be sustained at the axle of the third? 

11. What weight will a power of 3 sustain with a system of 4 movable pulleys, «M 
cord passing round all of them ? 

12. Suppose a power of 100 pounds applied to a set of 2 movable pnll^s, what wetfit 
will it sustain, allowing a deduction of Iwo tliirds for friction? 

13. If a man is able to draw a weight of 200 pounds up a perpendieular wall 10 feet 
high, how much will he be able to draw up a plank 40 feet long, sloping fh>m the t(^ of 
thu wall to the ground, no allowance being made for friction ? 

Solution.— In this the height (10) is to the length (40) as the wei^t (900) Is to flio n* 
quired weight. 



14. If a man has Just strength enough to lift a cask weighing 196 pounds ; 
larly into a wagon 3 feet high, what weight could he raise by means of a plank 10 feet 
long, with one end resting upon the wagon, and the other on the ground? 

15. The length of a plane is 12 feet, the height is 4 feet : what is the proportloD of the 
power to the weight to be raised ? 

16 The distance between the threads of a screw bein^ half an inch, and the dreamfer* 
cnce describsd by the power 10 feet, what proportion will exist between the power sod 
the weight? * 

Soliaion.— The power will be to the weight as half an inch, the distance between At 
threads, is to 10 feet (240 half inches), the circumference described by the power— 1 to MA. 

17. A power of 20 pounds acting at the end of a lever attached to a screw deserlbei * 
drds of 100 inches: what resistance will the power overcome, the distance b^wew thi 
th r eads of the screw being 2 inches? 



CHAPTER VII. 

ON THE STRENGTH OF MATERIALS USED IN THE ARTS, AND 
THEIR APPLICATION TO ARCHITECTURAL PURPOSES. 



SECTION I. 

Oir THE STBEKOTH OF MATERIALS. 



vpoDviuitdoeB 258. When materials are employed for 
J^'J.^SS^iJf mechanical purposes, their power, or strength, 
^^^^ for resisting external force, apart from the na- 

ture of the material, depends upon the shape of the 
material, its bearing, or manner of support, and the nature 
of the force applied to it. 

undcrwhatcir- 259. A bcam, or bar, will sustain the greatest 
enmstancesviu application of forcc, whcu the strain is in the 



a beam sustaia 

(1 

260. The strongest of all metals for resisting tension, or a 



g«^Kreate»t direction of its length. 



•trengt^f dif- direct pull, is iron in the condition of tempered steel The 
ferent Bobstan- strength of metals is affected by their temperature, being 
^*"^ diminished, in general, as their temperature is raised. Wood 

of the same kind is subjected to very great variations of strength. Trees 
that grow in mountainous or windy places, have greater strength than 
those which grow on plains; and the different parts of a tree, such as the 
root, trunk, and branches, possess different degrees of strength. Cords of 
equal thickness are strong in proportion to the fineness of their strands, and 
also to the fineness of the fiber? of these strands. Ropes which are damp^ 
are stronger than those which are dry; those which are tarred than the un- 
tarred, the twisted than the spun, the unbleached than the bleached. Other 
Uongs being equal, a rope of «lk is three times stronger than a rope of flax. 

How does the 261. Of two bodics of similar shape, but of 
SKj^ iJ^^ different sizes, the larger is proportionably the 
*^8*' weaker.* 

* A knowledge of the strength of rarioas materials In resisting the action of forces ex- 
erted in difTerent directions, is of great importance in the arts. In the following tables 
^ collected the results of the most recent and extensive experiments upon this subject. 
'^ bodies satjeeted to experiment are supposed to be in the form of long rods, the cross- 
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That a large body may have the proportionate strength of a smaller, it mnsi 
contain a greater proportionate amount of material ; and beyond a certain 
limit, no proportions whatever will keep it together, but it will &11 to pieces 
by its own weight. This fact hmits the size, and modifies tlie shape of mogt 
productions of nature andart— ^f treea^ of aniibals. Of architectural or mechan- 
ical structures. 

262. The strength of a rectangular beam, or 
a beam in the form of a parallelogram, when 
its narrow side is horizontal, is greater than 
when its broad side is horizontal, in the same proportion 
that the width of its broad side is greater than the width 
of its narrow side. 

Hence, in all parts of structures where beams are subjected to transverse 
stram, as in the rafters of roofs, floors, etc., they are always placed' with their 
narrow sides horizontal, and their broad sides verticaL 

section of which measures a square inch ; in the second eolumn is ghren the amoant af 
breaking weights, which are the measure of their strength in resisting a direst pall 



In what posi- 
lion is a rec- 
iHiguhir beam 
the strongest f 



Xamo. 
1st Mvjtuls;— 
Steel, tempered. 
Iron, bar 

— plate, rolled . . " 

— wire " 

— Swedish mal- 

leable " 

— English do. . 

— cast. 

Silver, cast 

Copper, do. 

— hammered. 
Brass, cast '* 

— wire " 

— plate " 

Gold " 

Tin " 



lbs. 



lbs. 



from 114704 to 158471 
" 5318i— 84G11 
* f)30?0 
' 5373C —112905 



72064 
5'>S72 

10243 — 194C4 
40D97 

20320 — 37380 
37770 — 80908 
17947 — 19472 
47114— 58931 
52240 

204^0 — 65337 
3228— 6666 



Name. 
Metals ; — 

Tin, cast from 

Zinc ** 

Lead, wire ** 



Ite. 

4TS« 
V820 
£643 to 



Us. 



S^ 



*t 



2d. Woods;— 

Tealc 

Sycan.ore " 

Beech " 

Kim " 

Larch »' 

Oak " 

Alder " 

Box " 

Ash »* 

Pine " 

Fir " 



1C915— IMffi 

0680 
12225 

9720 — IS*)© 
10240 

10867— (6851 
11453 — 81780 
14210 — MOffi 
134S0— S3465 
10038 — 14965 

6991 — 12876 



The following table shows the average weights sustained by wires of different metals, 

each having a diameter of about one twelfth of an inch ; 

Lead 27 pounds. Silver 187 pounds. 

Tin 34 " I Platinum 274 " 

Zinc lOD " 1 Copper 303 " 

Gold 150 " ; Iron 640 " 

Cords of different materials, but of the same diameter, sustained the following weights: 

Common ftax 1 175 pounds. I New Zealand flax 2380 pounds 

Hemp 103*3 " | SUk .3400 " 

The following table shows the weights necessary to crush columns or pHlam composed 
of different metals; the numbers expressed in the second column being the total crush- 
ing weight in lbs. per square inch : 

Xnme. lbs. Ha. 

2d. Woods:— 

Oik from 3860 to 5147 

Pine " 1928 

Elm... " 1284 

3d, Stones: — 

Granite " 4970 

Sandstone " 9666 

Brick, weU baked '' 1002 



Vame. 


lbs. 


Ibt. 


1st Metals: 






Cast iron 


ftpom 115813 to 177776 

" 164864 


BraFS. fine 


Copper, molten . . . . 


" 117088 




— hammered. 


" 108040 




Tin, molten 


" 16456 




Lead, molten 


" 7728 
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. The Bliength of » stroctUK depeod^ in a veiy great degree, on tbe manner 
m wliicL the several parts are joined togetbcr, and by a Bkilllul combinalioD, 
or iutcrkK'king, very weak and IVagile malerials may be made to roGist the 
actiou or pon-^rlU Ibrcos. Examples of tliis ocinir in the mandacture aC 
ropes, stfiDg^ tbre«d, etc; in tlie wenving of baskets, and espcdaltj- in the 
a of parallel threads called tbe 
woof, is made to interlock with 



of cloth ; in this last inataoce, a 
FlQ. 9S. 



m 






another Ecries of threads called 
the warp, running trunsverselj- 
across, and pae«ng allernately 
ov?r and und^r the first sorio!'. 
Fig. 38 represents tbe appear- 
ance of a piece of plain cloth 
seen through the microscope; 
tbo alternate intcreoctions of 
the threads are seen in tlie 
lower ligiire, the drjta rcpif- 
Ecnting the eOda of Ihe warp 
liiTCads, and tbe cross line tbe noo£ 

263. When a single beam can not be found deep enough 
to have the strength required in any particular case, Roveml 
heatiis may be joined together, in a variety of ways, so that 
very great strength is obtained without a very great increase 
of Iralk. Stich methods of joining timber are known as 
scarfing and interlocking, tonguing, dovetailing, morti»- 
ing, etc. 

Fio. 99. 




264. Scarfing and interlocking is the meihoA 
i:ig and inter- of insertion iu which the ends of pieces over- 
°° lay each other, and are indented together, so 

ns to resist the longitudinal strain by extension, us in tio 
hearers and the ends of hoops. (See Fiy;. 99) 
266, Tonguing is that method of iQ^ei'tiuu in which tho 
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What is 
loogaingf 

What is dore 
taiUng? 



Fig. 100. 




edges of boards are wholly, or partially received 
by channels in each other. 
266. Dovetailing is a 
method of insertion in 
which the parts are connected by 
tvedge-shaped indentations which per- 
mit them to be separated only in one 
direction, (See Fig. 100.) 
What is mor- 267. Moftising is a method of insertion in 
'^"^^ which the projecting extremity of one timber is 
received into a perforation in another. (See Fig. 101.) The 

Fig. 101. opening or hole cut in 

one piece of wood to re- 
ceive or admit the pro- 
jecting extremity of an- 
other piece, is called a 
mortise ; and the end of 
the timber which is re- 
duced in dimensions so 
as to be fitted into a mor- 
tise, for fastening two timbers together, is called a tenon. 

268. The form in which a given quantity of 
matter can be arranged in order to oppose the 
greatest resistance to a bending force, is that 
of a hollow tube, or cylinder ; and the strength 
of a tube is always greater than the strength 
of the same quantity of matter made into a solid rod. 

The most beautiful and striking illustrations of this princi- 
lustrations of plo occur in nature. The bones of men and animals are hoi- 
this principle ? j^^^ q^^ nearly cylindrical, because they can in this form, 
with the least weight of material, sustain the greatest force. The stalks of 
numerous species of vegetables, especially the grain-bearing plants, as wheats 
rice, oats, etc., which are required to bear the weight of the ripened ear of 
grain, or seed, are hollow tubes, and their strength, compared with their 
lightness, is most remarkable. In this form they not only sustain the crash- 
ing weight of the ear which they bear at the summit, but also the force of the 
wind. In the construction of columns for architectural purposes, especially 
those ma^le of metal, this principle is taken advantage of* 
* la that moit gigantie work of modern engineering, the Britannia Tubular SvMg6» 




In what form 
can a given 
quantity of 
matter be ar- 
ranged to op- 
pose the great- 
est resistance ? 
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^^ 269. A beam, sapported at its two ends, when bent by its 
bent in the wei^t in the middte, has its liabilitj to break greatly in- 
^hnMk /***** creased, because the destroying force acts with the advantage 
oi a kmg lever^ reaching from the end of the beam to the cen- 
ter ; and the naiating force <xr strength acts only with the force of a short lever 
from the fflde to the center; at the same time, a Uttle only of the beam on the 
under side is allowed to resist at alL 

This last drcumstance is so remarkable, that the scratch of a pin on the 
onder side of a beam, resting as here supposed, will sometimes suffice to begin 
the fractuxeu 

SECTION II. 

AFFUCATKnr or MATKBIAIS VOR ARCHITRCTURAL OB STRUCTURAL PURPOSES. 

wbrntkAiehi- 270. Architecture, in its general sense, is the 
. ***''^ art of erecting buildings. In modern use, the 
name is often restricted to the external forms, or styles of 
buildings. 

T hat do '^ different varieties of architecture undoubtedly owe their 
the dUtorent origin to the rude structures which the climate or materials of 
ur^S^nre^ any country obliged its early inhabitants to adopt for tempo- 
protMU^ owe rary shelter, lliese structures, with all their prominent fea- 
their origin r tures, have been afterward kept up by their refined and 
opulent posterity. Thus the Egyptian style of architecture had its origin in 
the cavern, or mound. The Chinese architecture is modeled from a tent ; the 
GredaQ is modeled from the wooden cabin ; and the Gothic, it has been sug- 
gested, from the bower of trees. 

On what d^s 271. The strength of a building will princi- 
IfSdwS?^'- P*% depend on the walls being laid on a good 
dpanydepend? j^jj^ ^^^ fouudation, of Sufficient thickness at 
the bottom, and standing perfectly perpendicular. Its 
usefulness will depend. upon a proper arrangement of its 
parts. 

enmOng the Menal Straits, which sepante the island of Anglesea from the mainland of 
Great Britain, advantage has been talcen of the strength of matter arranged in the form 
«f a tube or hollow cylinder. The entire bridge is formed of immense rectangular tabes 
•f iron, 26 feet high in the center, 14 feet wide, and having an entire length of 1513 feet, 
with an elevation above the water of more than 100 feet The sides of the tabes are also 
eonposed of smaller tnbes, united together in a peculiar manner, so as to obtain the 
nuudmam of tltreagOi from the form of structure : and so great is this strength, that a 
train of loaded cars, weighing ?80 tons, and impelled with great velocity, deflects the 
tabes in thdr centers less than three fourths of an inch. The entire weight of the tubes 
eoraposing this bridge is upward of 10.600 tons, the length of two of the spans, or distances 
between the points of support, being 460 feet each. The same amonnt of iron in the fbrm 
•fa Mild rod or boam, would not probably have sustained its own weight. 
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__ „ . 272. A PILE, in architecture and en£ineei-» 

WhatUapilef ... ^ 

mg, 18 a cylinder of wood or metal pointed at 
one extremity, and driven forcibly into the earth, to serve 
us a support or foundation of some structure. It is gen- 
erally used in marshy or wet places, where a stable found- 
ation could not otherwise be obtained. 

^^ . Id oonstructing columns for the support of the various parts 

nmns vumwrt. of a building, or of great weights, they are roade smaller at 

llrger 'at ^tiie ^^^® ^^ ^^^^ ^* *^® bottom, because the lower part of the 
bottom than column must sustain not only the weight of the superior part, 
® ***P but also the weight which presses equally on the whole 

column. Therefore the thickness of the column should gradually decrease 
from bottom to top. 

What is an 273. An ARCH is a concave or hollow struct- 
arch? ^j^^ generally of stone or brick, supported by 
its own curve. 

The base of an arch is supported by the support upon which it rests, while 

all the other parts constituting the curve are sustained in their positions by 

their mutual pressure^ and by the adhesion of the cement interposed between 

then: surfaces. 

. A continued arch is termed a vault 

.„^ , ^ An arch is capable of resisting a much greater amount of 

Whyisanareh , , . , » 

stronger than pressure than a horizontal or rectangular structure constructed 

• *t**'^?°^^ ®^ *^® same materials, because the arrangement of tlie mate- 
rials composing the arch is such, that the force which would 
break a horizontal beam or structure is made to compress all the particles of 
thd arch alike, and they are therefore in no danger of being torn or overcome 
separately. 

274. The vertical wall which sustains the base of an arch 

abutment f is termed an abutment: when there ai-e two contiguous 

arches, the intermediate supporting wall is called a pier. 

A beautiful application of the principles of the arch exists 

Ijstrations of ^ t^® human skull, protecting the brain. The materials are 

the principles \^qyq arranged in such a way as to afiford the greatest strcno^th 

with the least weight The shell of an egg is constructed 

upon the principle of the arch ; and it is almost impossible to break an egg 

with thto hands, by pressing du^ctly upon its ends. A thin watch-glass, for 

the same reason, sustains great pressure. A dished or arched wheel of a 

carriage is many times stronger to resist all kinds of shocks than a perfectly 

flat wheel A full cask may fall without damage, when a strong square box 

would be dashed to pieces. 

What is an 275. By au order in architecture we under- 
S^",*^- stand a certain mode of arranging and decor- 
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ating a colamn, and the adjacent parts of the structore 
which it supports or adorns. 

Howmanyor- 276. Fivc ordeis are recognized in architec- 
t^tare "^ ture— the Doric, Ionic, and Corinthian, de- 
there? rived from the Greeks ; to these the Romans 
added two others, known as the Tuscan and Composite. 
What Is a PI- 277. A Pilaster is a square column gener- 

^*^^ ally set within a wall, and not standing alone, 
wbatisaPor. 278. A Portico is a continued range of col* 

****' umni9, covered at the top to shelter from the 

weather. 

What are Bai< 279. Balustcrs arc small colimms, or pillars 
asters r ^f wood, stonc, ctc, uscd in terraces or tops 
of huildings for ornament ; also to support a railing. When 
continued for some distance, they form a balustrade. 
Into what two 280. An ordcr, in architecture, consists of 
Sd?r^n*archi° ^^o principal members — the column and the 
*«^™^^«^- entablature— each of which is divided into 
three principal parts. 

What is the 281. The Entablature is the horizontal con- 
Entabiature? tiuuous portiou which rcsts upon a row of 
columns. 

Into how many It is divided into the architrave, which ia the lower part of 

parts is the Ell- ^he Entablature; the frieze, which is the middle part: and 
taUature di* . . r i 

Tided f the cornice, which is the upper, or projecting part. 

, ^ 282. The column is divided into the base, 

Inf^howmany • t /» i i • i 

parte is the thc shaft, and the capital. 

colamn divided 7 ' -*- 

The base is the lower part, distinct from the shaft ; th€ 

shaft is the middle, or bngest part of the column ; the capital is the upper, oi 
omunental part resting on the shaft 

The height of a column is always measured in diameters of the column 
ItselC taken at the base of the shaft Thus we say the height of the Doric 
column is six times its diameter, and the height of the Corinthian, ten diam- 
eters. Fig. 102 represents the various parts of an order of architecture. 

What is the 283. The FaQade of a building is its whole 

Facnde of a A>nnf 

Building? iront. 

Architecture ought to be considered as a useful, and not as 
a fine art It is degrading the fine arts to make them entirely subservient to 
atility. It is out of taste to make a statue of Apollo bold a candle^ or a fine 

6 
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tjMiintmg.ttand A8 9 fire-bofurd. Our bouses are lor use, and architecture is, 
therefore, CHie of the useful arts. In building, we should plan the inside first, 
and then the outside to cover it It is in bad taste to construct a dwelling- 
liotise in the form of a Grecian temple, because a Grecian temple was intend^ 
te external worriiip^ not for a habitation, or a place of meeting.* 

Fio. 102. 



.Ck>rDi«e. 

.Frieze. 

.Arcbitravo. 

: Capital 



•* »«• ». 



Stylobate, or Pe- 4 
•"-istal 




.Shaa 



Base. 

Cornice. 

Die. 

Plinth. 



284. In selecting a stone for architectural purposes, wg maj 
be able to form an opinion respecting its durability and per- 
manence. By visiting the locality from whence it was ob- 
tained, we may judge from the surfaces which have been long 
exposed to the weather if the rock is liable to yield to atmos- 
pheric influences, and the conditions under which it does so. For example. 
;if the rock be a granite, and it be very uneven and rough, it may be inferred 
•that it is not very durable; that the feldspar, which forms one of its compo- 

♦ Prof. Henry. 



•flow may mn 
estimate of the 
durability of 
stone for archi- 
tectural pnr- 
'poaes be made f 
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hent parts, is more readily decomposed by the action of moisture and frost 
than the quartz, which is another ingredient ; and therefore it is very unsuit- 
able for building purposes. Moreover, if it possess an iron-brown or rusty 
appearance, it may be set down as highly perishable^ owing to the attraction 
which this iron has for oxygen, causing the rock to increase in bulk, and so 
disintegrate. 

Sj^i^dstones, termed freestones, are ill adapted for the external portions of 
exposed buildings, because they readily absorb moisture ; and in countries 
vliere frosts occur, the freezing of the water on the wet surface continually 
peels off the external portions, and thus, in time, all ornamental work upon 
tae stone will be deikced or destroyed. « 



CHAPTER VIII. 

HYDROSTATICS. 

What Is the 285. Hydrostatics is that department of 

idence of Hy- , i . i ^ 

drortatics? Physical Science which treats of the weight, 
pressure, and equilibrium of water,** and other liquids at 
rest. 

* Water is a fluid composed of oxygen and hydrogen, in the proportion of 8 parte of. 
oxygen to 1 of hydrogen. It is one of the most abundant of all substances, constituting 
three fourths of the weight of living, animals and plants, and covering about three-fifths 
of the earth* s surface, in the form of oceans, seas, lakes, and rivers. 

In the northern hemisphere the proportion of land to water is as 419 to 1000; while in 
the southern hemisphere it is as 129 to 1000. The maximum depth of the ocean has never 
been ascertained. Soundings were obtained in the South Atlantic in 1853, between Rio 
Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or about miles. Other 
foundings, made during the recent U. S. survey of the Gulf Stream, extended to the 
depth of 34,200 feet without finding bottom. The average depth of the ocean has beea 
estimated at about 2000 fathoms. 

Notwithstanding this apparent immensity of the ocean, yet, compared with the whole 
bulk of the earth, it is a mere film upon its surface ; and if its depth were represented on 
an ordinary g^obe, it would hardly exceed the coating of varnish placed there by the 
manufacturer. 

' The source of all our terrestrial waters is the ocean. By the action of evaporation upon 
its surface, a portion of its water is constantly rising into the atmosphere in the form of 
vapor, which again descends in the form of rain, dew, fog, etc. These waters combine to 
form springs and rivers, which all at last discharge into the ocean, the point from which 
they originally came, thus forming a constant round and circulation. " All the rivers 
run into the sea, yet the sea is not full," because the quantity of water evaporated from 
the sea exacUy equals the quantity poured into it by the rivers. In nature, water is 
never found perfectiy pure ; that which descends as rain is contaminated by the impuri- 
ties it washes out of the air ; that which rises in springs by the substances it meets with 
in the earth. Any water which contains less than fifteen grains of solid mineral matter in 
a gallon, is considered as comparatively pure. Some natural waters are known so pure 
that they eootain only l-20th of a grain of mineral matter to the gallon, butrsuch instances 
•r* Ttf^ ran. . Water obtained from diffareat looroM may lie 01^894, as regards coo 
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^^^^fi 286. Liquids have but a slight degree of 
elastic r compressibility and elasticity, as compared 

with other bodies. 

287. The elasticity of water maybe shown in various ways, 
trations of the When a flat stone is thrown so as to strike tlio surface of 
elasticity of wa- ^^ter nearly horizontally, or at a slight angle, it rebounds 

with considerable force and frequency.. Water also dashed 
against a hard sur&ce shows its elasticity by flying off in drops in angular 
directions. Another familiar example of the elasticity of water is observed, 
when we attempt to separate a drop of water attached to some surface for 
which it has a strong attraction. The drop will elongate, or allow itself to bo 
drawn out to a considerable degree, before the cohesion of its constituent par- 
ticles is wholly overcome ; and if the separating force is at any time relaxed, 
or discontinued, the elasticity of the water will Restore the drop to very nearly 
its original form and position. Mercury is much more elastic than water, and 
rebounds from a reflecting sur&ce with considerable velocity and violence. 
The exercise of both the elastic and compressive principle is, however, so ex- 
tremely limited in liquids, that for all practical purposes this form of matter is 
regarded as inelastic and uncompressible ; or, in other words, the elasticity 
and compressibility of water produce no appreciable effects. 
To what "^^^ compressibility of water is not so easily demonstrated 

tent has irater as is its elasticity, although the elasticity is a direct consc- 
weied^?"** quent of the compressibility. An experiment of Mr. Perkins 

showed that water, under a pressure of 15,000 pounds to the 
square inch, was reduced in bulk 1 part in 24. 

_ 288. In liquid bodies, as has been already shown (g§ 34, 

ner do the par- 36), the attractive and repulsive forces existing between the 
tides of liquids particles are so nearly balanced, that the particles move upon 
each other? each other with the greatest facility. The particles which 

make up a collection of fine sand, or dust, also move upon 
each other with great facility : but the particles of a liquid possess this addi- 
tional quality, viz., that of moving upon themselves without friction. The 
particles of no solid substance, however fine they may bo rendered, possess 
this property. 

289. From this is derived a great fundamental principle lying at the basis 
of all the mechanical phenomena connected with liquid bodies, viz. : — 

parative purity, as follows ; Rain water muRt be considered as the purest natural watc-, 
especially that which falls in districts remote from towns or habitattons; then cones, 
rirer water; next, the water of lakes and ponds; next, spring waters ; and thentlo 
waters of mineral springs. Succeeding these, are the waters of great arms of the ocean, 
into which immense rivers discharge their volumes, as the water of the Black Sea, which 
is only brackish ; then the waters of the ocean itself; then those of the Mediterranean 
and other inland seas ; and last of all, the waters of those lakes which have no outlet, as 
tbe Dead Sea, Caspian, Great Salt Lake of Utah, etc. etc 

AH natural waters contain air, and sometimes other gaseous substances. Fishes and 
oCher marine animals are dependent upon the air which water contains for their respira 
^tm Mid tJristenct. It is owing to the presence of air In water that It qwikles and 
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What great law 
Mintitates the 
tMuds of all the 
mechanical 
phenomena of 
liquids? 



Fig. 103. 




290. Liquids transmit pressure equally in 
all directions. 

This remarkable property constitutes a very characteristic 
distinction between solids and liquids ; since solids transmit 
pressure only in one direction, viz., in the line of the direction 

of the force acting upon them, while liquids press equally in all directiona, 

upward, downward, and sideways. 

„, _^ . XI- III order to obtain a clear 

ninstrate the j »^ j. r *u 

tioaUty of understanding of the pnnci- 

pewore In liq- pjg ^f ^he equality of pressure 
in liquids, let us suppose a 
vessel, Fig. 103, of any form, in the sides of 
which are several tubular openings, ABC 
D E, each closed by a movable piston. If 
now we exert upon the top of the piston at 
1, a downward pressure of 20 pounds, this 
pressure will be communicated to the water, 
wliich will transmit -it equally to the intemd 
face of all the other pistons, each of which 
will be forced outward with a pressure equal to 20 pounds, provided their 
surfaces in contact with the water are each equal to that of the first piston. 
But the same pressure exerted on the pistons is equally exerted upon all parts 
of the sides of the vessel, and therefore a pressure of 20 pounds upon a square 
inch of the surface of the piston A, will produce a pressure of 20 pounds upon 
every square inch of the inleiior of the sur&ce of the vessel contaming the 

liquid. 

FlO. 104. The same principle may 

also be shown by another 
experiment. Suppose a 
cylinder, Fig. 104, in which 
a piston is fitted, to termi- 
nate in a globe, upon the 
sides of which are little 
tubular openings. If the 
globe and the cylinder are 
filled with water, and th© 
piston pressed down, the 

liquid will jet out equally from all the orifices, and not solely from the one 

which is in a direct line with, and opposite to the piston. 

291. This property of transmitting pressure equally and 

ner^ay a ilq- freely in every direction, is one in virtue of which a liquid 

***** ."}** ,*■ * becomes a machine, and can be made to receive, distribute, 
and apply power. Thus, if water be confined in a vessel, 

and a mechanical force exerted on any portion of it, ^bis ^^'^^ ^^^ ^® *^ ^'^^ 

transinitted tbroagfaoat the entire mass of Uquid. 
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What is the Hj' The effects of the practical application of this principle are. 
drostatic Para- go remarkable that it has been called the Hydrostatic Para- 
dox, since the weight, or force, of one pound, applied through 
the medium of an extended surface of some hquid, maj be made to produce 
a pressure of hundreds, or even thousands of pounds. Thus, in Fig. 105, A 



Fig. 105. 




How do the 
forces acting 
in the Hydro- 
static Paradox 
compare with 
the forces act- 
ing on the arms 
of alererf 



and a are two cylinders containing water connected 
by a pipe, each titted with a piston in such a way as 
to render the whole a close vessel. Suppose tie 
area of the base of the piston, p, to be one square 
^ inch, and the area of the base of the piston, P. to be 
1,000 square inches. Now any pressure applied to 
the small piston will be transmitted by the water to . 
the large piston; so that every portion of surface ui. 
the large piston will be pressed upward with the 
flame force that an equal portion of the surface in the small piston is pressed 
downward. A pressure, therefore, of 1 pound acting on the base of the pis- 
ton J?,, will exert an outward pressure of 1,000 pounds acting on the base of 
the piston P ; so that a weight of 1 pound resting upon the piston p, would 
support a weight of 1,000 pounds resting upon the piston P. 

The action of the forces here supposed differs in nothing . 
from that of like forces acting on a lever having unequal 
arms hi the proportion of 1 to 1,000. A weight of 1 pound 
acting on the longer arm of such a lever, would support, or , 
raise a weight of 1,000 pounds acting on the shorter arm. 
The liquid contained in the vessel, in the present case, acts . 
as the lever, and the inner surface of the vessel containing 
it acts as the fulcrum. If the piston p descends one inch, a quantity of 
water which occupies one inch of the cylinder a will be expelled from it, and 
as the vessel A a is filled in every part, the piston P must be forced upward 
imtil space is obtained for the water which has been expelled from the cylin- 
der a. But as the sectional area of A is 1,000 times greater than that of a, 
the height through which the piston P mu»t be raised to give this space, will 
be 1,000 times less than that through which the piston p has descended. 
Therefore, while the weight of 1 pound on p has moved through 1 inch, the 
weight of 1,000 pounds on P will be raised through only 1-1, 000th part of an 
inch. If this process were repeated a thousand times tlie weight of 1,000 
pounds on P would be rais'.d through 1 inch ; but in accomplishing this, the 
weight of 1 pound acting on P would be moved successively through 1,000. 
inches. The mechanical action, therefore, of the power in this case, is ex* 
pressed by the force of I pound acting successively througli 1,000 inches, 
while the mechanical effect produced upon the resistance is expressed by 1,000 
pounds raised through 1 inch. 

292. The Hydraulic, or Hydrostatic 
Press, is a machine arranged in such a man- 
ner, that the advantages derived from the principle that- 



What is a Hy- 
draulic Prew? 
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Iiqmda tmnamit preasare eqaally ia all directions, may be 
practicallj applied 

Bie pnDCiple of the cooatnictram «nd aaion of Qie hydnwHc praaa ia ex- 
pluned in tbe preceding puagrqA (% 291), and F^ 106, reprMeota a •ection 
oTitBueTenLlpajtK Fio. 106. 




Ilg. 106 represents the by dranUc press as constructed for pmcUcal pnrpoeee. 
in a small cylinder, A, the piston of a Girdng-piimp, P, works by means of 
Ibe handle H. Thecylinder oTtfae Gmnng-pump, A, connects, by means oTa 
lube, K, leading fnms its base, with a large (T-lioder. B. In this moves also 
k pixton, P, having its upper extranity attached to a inova.1:la iron plat4 
which works (t«elj up* and down in a strong itprigM framo-work, Q. Be- 
tween this plate and the top of the frame- work the substance xo be pres-^cd ii 
placed. To operate the press, water is raided in the forcing-pump, A, by 
raiwng the handle M, (kira a email reserroir beneath it, a ; by dopresaing the 
handle, the watM' filling the smaB cylinder A is forced through a valve, H, 
md the pipe K, into the larger cyEndcr B, where it acta to raise the lai^rcr 
piston, and causes it to exert its whole force upon the object confined be- 
tween the iron plate and the top of the frame-work It the area of the haaa 
cf the piston p is a square inch in diameter, and the ^rea of the base of the 
piaton P 1,000 square inches, then a downward pre^^re of one pound on f 
"ill exert an upward pressure of 1,000 pomtds on b 
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As tbos oonatraeted, tbe hrdranlio pren CMutitates the most pinraftl 
meduraical en^a witb which we are acqaaioted, tbe limita to its powa 
being bounded only by the strength of tbe mscfaiiierj and material. Bf 
meaDS <^ this press, cotton ia pressed into bales, ships are raised torn 0» 
water for repur, cbain-cables are tested, etc etc 
wiu uqnidi 293. Ab liquids transmit pressure equally in 
»r"weiy*'» ^'1 directione, it Ibllowa that any given portioD 
Aanwktar (j£ ^ liquid contained in a vessel will preBs np- 
«ird upon the particles above it, as powerfully as it 
pxesses downward upon the particles below it. 
H i« ih no- ^"* "^ "'^^ ^ illoslrated by means of 
mi DRHun theapparatoi represaDled in Fig; 107. If 
b^«^^^ a plate rf metal, B, be held Bgainst the bot- 
tom of a glass tube, g, by means </ a string, 
e, and immenieil in a vessel of water, the water being Dp to 
tbelevelnn, tbe plate B will be RustBiaedinitH ptaoeby the 
upward pressure of the water; toahowtitat thisis tbecasc^ 
it is wily necessary to pour water into the tube g, until it 
rises to the level n n, when Ute plate will immediately &11, 
tbe upward pressure below tlie plate B being nentraliied 
by tbe downward pressure of the water in the tabe f: 

" Some persons fii:d it difScolt to trnderstand why ttMe 
should be an upward pressure in a mass of liquid, as well 
as a downward and lateral pressure. But if in a mass of 
liquid the particles beiow had not a tendency npward eqntl 
to the weight, or downward pressure of tbe particles of liquid abore tbns, 
they could uot support that part of the liqaid wbich rests upon them. Tbdr 
lendency upward is owing to the presBure around them from which tSsy «r* 
trying to escape."* 

Towh-iKih. 294 The pressure exerted by a Fio. loa. 
EJhUllToMiq- column of liquid is proportioned to, 
^n.it'™'™' **■■ nietisnred by the height of the 
column, and Qot by its bulk, or 
quantity. 

If we take a tube ia the fbrm of tbe letter U, with one of Ha 
branches much smaller than t! .e other, as in Fig. I OS, and pear 
water into one of the branches, we shall flod tliat the liqi^ 
will Stand at tlie same height io both tubes. The great mass 
of liquid contMued iu the larite tube, A, eierts no more presfc 
ure OD tbe liquid contained in the small tube, D, than would a 
smaller mass contained in a tube of the ^ame dimensions as D. 
And if A contidned 10,000 times the quantity of water that D 
contained, the water would rise to no greater elevation in D 
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Tb« priac^ that the presaare exerted by » column of 
water ■■ u iti height, and not as ita quantity, may be tiao 
Oloatrated by the Uydroaiatic bellows, fig. IU9. This con- 
maia of two tMMtrJa, B C anil D E, united together by meana 
of doth, or leather, A, aaina commoa bi^llowa. A Bmall vi 



Fio. 109, 



Heal pipe, T, attached to the side commuulcatet 

rwith the interior of the bellows Heavy weight 
W W, are placed upon the top of tlie bellowa 
when empty. IT water be poured into the verti- 
cal pipe, the top of the bellowa, with tbe weight* 
vpoD it, will be lilted up by the pressure of tb« 
'water beneath; aod M the height of the column 
of water incrcasea, so in like proportion may the 
wmghtsupon the top of the bellowa bo increaaed. 
It ia a matter of no coDsequenco what may be the 
dhuneter of the vertical tube, siiue the power of 
the apparatus depends upon tbe h^ht of the coi' 
umn of water iu tbe Small tube, and the area of 
the board, B C i that u, the weight of a smaU ail- 
A umnofuialerinlhetiertiealpipe, T, uiiU be eapabta 
of mpporUag « weight apon the board, B C, grta)tr 
than On weii/kt of the waier in the pipe, in the samt 
Bd proportion ai the area of board B Cis greaierihan 
(fte aectionat area of the bore of Vie pipe. Thus, if 
be arMofthe bore of the [npe be a quarter of an inch, and the area of the 
board fbmning the top of the bellows a square fuot, then the proportion of tbe 
[npe to the board will be that of 616 lo I ; aud, consequently, the weigm 
rapable of being Eupported by the board will be 576 times fjg uq^ 
Ibe weight of the water oonlained in tbe pipe. 

In this maimer a strong cask, a, Fig. 110, 
hrStti" tii' ^"°*' '""' liqtiid, may be burst by b few 
w^ <rf the ounces of water poured into a long tube, 6 e, 
{^^^ " communicating with the interior of the cask. 
This law of presauro is sometimes exhibited 
on 1 great scaJe in nature, in the burstiog of rocks, or moant- 
im. flappoae a long vertical flaaure, aa in Fig. Ill, to com- 
•indiBte with ao intamal cavity formed in a mountain, wilh- 
ont any outlet Now, when the flBsure and cavity become 
°" ' a presave ia exerted, sufficient, it may be. 




saofth 

The mort rtriking effects of the pressure of the water at 
RMf depths are eiiiibited in the ocean. If a strong, square 
ibs bottle, empty and firmly corked, be KUnk in water, its 
»fe are generally crushed in by the preasuro, before it has 
tidied a depth of 60 leet. Divers plunge with impunity lo 
MWn-daptfa^ b«t Khm t« a limit beyond -which they can c 
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Pig. 111. 



immense pressure on the bodj 
, exerted by the water. It is proth 
able, also, that there is a limit of 
depth beyond which each spe- 
cies of fish can not live. The 
principle of the equal transmis- 
sion of pressure by hquids, how- 
ever, enables fishes to sustain a 
very great pressure of water 
without being crushed by it; 
the fluids contained within them 
pressing outward with as great a 
force as the liquid which sur- 
rounds them presses inwards. 
When a ship founders at sea, the great pressure at the bottom forces the 

water into the pores of the wood, and mcreases its weight to such an extent 

that no part can ever rise again. 

295. The pressure upon the bottom of a vessel 
containiDg a liquid, is not effected by the shape 
of the vessel, but depends solely upon the area 
of the base, and its depth below the surface. 

This arises firom the law of equal distribution of pressure in liquids. Fig. 

112 represents two different vessels 
having equal bases, and the same per* 




Upon what does 
the pressure 
npon the bot- 
torn of a vessel 
containing liq. 
nid depend ? 



Fig. 112. 



i^scSs^j^<^ 



'^t3iSuaas—,s^^ 



JP.. 



.. C: pendicular depth of water in them* 
: Although the quantity of water con- 

__._ J tained in one is much greater than in 

S$=KS^| the other, the pressure sustained by 



B these bases will be thesame. 

In a conical vessel, Fig. 113, the 
base, C D, sustains a pressure measured by the height of the column, A B Cf 

D ; for all the rest of the liquid only presses on A B G D laterally, and resting^. 

Fig. 113. Fig. 114. 




on Uie sides, E and F D, can not contribute any thing to the pressure ol 
lh» bMe^ OD. Boti&^ihoonioal veasel^.of the shape represented in £]^» lU^ 
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How can we 
etlculate the 
preMmre upon 
the bottom of 
• Teasel con- 
taiDing water f 



the inressare on A B a portioii of the base^ E F, is meosared by the colunm 
A fi C D as before ; but the other portions of the liquid not renting on the 
sides also press upon the bottom, £ F ; and as the pressure of the column A 
B C D is transmitted equally, every portion of the base, E F, sustains an 
equal pressure as that portion of the base, A B, which is directly beneath the 
column, A B C D ; therefore the whole pressure on the base, E F, is t^e 
same as if the vessel had been cylindrical, aad filled throughout to the height 
indicated by the dotted lines, G H. 

296. Hence, to find the pressure of water upon the bottom of any vessel, 
we have the following rule : 

297. Multiply the area of the base by the 
perpendicular depth of the water, and this 
product by the weight of a cubic foot of 
water.* 

Thus, suppose the area of the base of a vessel to be 2 square feet, and the 
perpendicular depth of the water to be 3 feet; required the pressure on 
the bottom of the vessel, the weight of a cubic foot of water being assumed 
to be 1,000 ounces (see § 82). 

2X3— 6 cubic feet 

6X1,000^6,000 oz.^pre8Sure on the base of the vessel 

* *^ The actual pressure of water may also be calculated from the following data. It is 
ascertained that the weight of a cubic inch of water of the common temperature of 62* 
Fahrenheit, is a portion of a pound expressed bj the decimal 0*036065. The pressure, 
therefore, of a column of water one foot high, haying a square inch for its base, will be 
found by multiplfing this by 12, and consequently will be 0-432S lb. 

** The pressure produced upon a square foot by a column one foot high, will be found 
by multiplying this last number by 144, the number of square inches fomdng a square 
foot; it will therefore be C2-3233 lbs. 

TdbU showing the pressure in lbs, per sqtiare inch and square foot^ produced by voiOer 

at various depths. 



DepUiin 
Feet. 


PreMura per 


Pressure per 


Depth in 
Feet. 


Pressure }>er 


Pressure per 


Square Inch. 


Square Foot. 


Square Inch. 


Square Foot. 




lbs. 


lbs. 




lbs. 


lbs. 


I. 


0*4328 


02-32S2 


VI. 


2-5968 


873-9392 


II. 


0-8666 


124-6464 


VII. 


3-0296 


436-1 6 H 


III. 


1-2984 


186-:>696 


VIII. 


8-4624 


498-5856 


IV. 


1-7312 


24«-2'>:8 


IX. 


3-8952 


660-9088 
623-2320 


V. 


21640 


311.G160 


X. 


4-3280 



** By the aid of the abore table, the actual pressure of water on each part of the siirftot 
of a vessel containing it can always be determined, the depth of such part being given. 
Thus, for ezamplQ, if it be required to know the pressure upon a square foot of the bot- 
tom of a vessel wliere the depth of the water is 25 feet, we find, from the above table, tliat. 
the pressure upon a square foot at the depth of 2 feet is 124'64(>4 lbs. ; and, consequently, 
the pressure at the depth of 20 feet is 1246-4G4 lbs. ; to this, let the pressure at the depth 
of 5 feet, as given in the table, be added: 1246-404+311 -616= 1658-080 lbs., which is, there- 
fore, the required pressure. 

"If the liqui'l contained in the vessel be not water, but any other whose relative weight 
compared with water is known, the calculation is made first for water, and the result being 
innWpli^d by the number expressing the proportion of the weight of the given liquid t* 
that of water, the result will be the required pressure."— JUirdntfr. . . • > . 



132 



WELLS'S NATURAL PHILOSOPHY. 



How Is the 
weware of a 
Uqoid exerted 
UteraUyr 



FlO 115. 




How may the 
pressure upon 
the side of a 
ressel of water 
be calculated f 



298. As liquids transmit pressure equally in 
all directions, this pressure will act sideways 
as well as downward, and the pressure at any 

point upon the side of a vessel con- 
taining a liquid, will be in propor- 
tion to the perpendicular depth of 
that point below the surface. 

Fig. 115 represents a vessel of water with 
orifices at the side, at different distances from 
the sur&ce. The water will flow out with a 
force proportionate to the pressure of the water 
at th^se several points, and this pressure is 
proportionate to the depth b^ow the sur&ce. 
Thus, at a the water will flow out with the 
least force, because the pressure is least at that 

point At b and c the force and pressure will be greater, because thej are 

situated at a greater depth below the surface. 

299. Ti) find the pressure upon the side of a 
vessel containing water, multiply the area of 
the side by one half its whole depth below the 
surface, and this product again by the weight 

of a cubic foot of water. 

Suppose A C, Fig. 116, to represent the section of the 
side of a canal, or a vessel filled with water, and let the 
whole depth, A C, be 10 feet: then at the iniddle poiut, 
B, the depth, A B, will be 6 feet. Now the pressure at 
C is produced by a column of water whose depth is 10 
feet, but the pressure at B is produced by a column 
whose depth is 5 feet, which is the average between the 
pressure at the surface and at the bottom, or the average of the entire pressuro 
upon the side. Hence the total pressure upon the side of a vessel containing 
water will be equal to the weight of a column of water whose base is equal to 
the area g[ that side, and whose height is equal to one half the depth of the 
liquid in the vessel, or, in other words, to the depth of the middle point of the 
side below the sur&ce. 

As the pressure upon the sides of a reservoir containing wa- 
ter increases with the depth, the walls of embankments, dams, 
canals, etc., are made broader or thicker at the bottom than 
at the top (as in Fig. 114). For the same reason, in order to 
render a cistern equally strong throughout, more hoops should 
be placed near the bottom than at the top. 

If a sur&ce equal to the side of a vessel containing liquid were laid upon 
the bottom, then the pressure upon the sur&ce would be double the actual - 




Vhy shonld 
an embankment 
bemadestmtig. 
er at the bot- 
tom than at the 
top? 
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pressure on the side; for |n this instance the snr&ce sustains the weight of a 
column equal in height to the whole depth, while the column of pressure upon 
the side is onlj equivalent to one hall' the depth. 

Hoir does the 3^* The actual pressure produced upon 

Si^*^aStitJ the bottom and sides of a vessel which con- 

^^^'IrtoTito t*^5^8 * liquid, is always greater than the 

weight? weight of the liquid. 

• In a cubical vessel, for example, the pressure upon the bottom will be 
equal to the w^ght of the liquid, and the pressure on each of the four sides 
will be equal to one half the weight; consequoDtly the whole pressure on the 
bottom and sides will be equal to three times the weight of the liquid. 

inwhatcondi- 301. The surfaco of a liquid when at rest is 

tion is the siir- i tt t 

&eeof sUqoid alwajS HORIZONTAL, Or LeVEL. 

The particles of a liquid having perfect freedom of motion 

2^ of si! among themselves, and all being equally attracted by gravita. 

qnid St rest tion, the whole body of liquid will tend to arrange itself in 

such a manner that all the parts of its surface shall be equally 
distant fix>m the earth^s center, which is the center of attraction. 
whftt la th "^ perfectly level surface really means one in which every 

true definition part of the surface is equally near the center of the earth ; it 
•orfsoe?^'^^' must be, therefore, in fact, a spherical surface. But so large 

is the sphere of which such a surface forms a part, that in 
reservoirs and receptacles of water of limited extent, its sphericity can not be 
noticed, and it may be considered as a perfect piano and level ; but when the 
surface of water is of great extent, as in the case of the ocean, it exhibits this 
rounded form, conforming to tiie figure of the earth, most perfectly.* This 
sphericity of the sur&ce of the ocean is illustrated by the fact, that the masts 
of a ship appproaching us at sea, are visible long before the hull of the 

■p^Q 217 vessel can be seen. In Fig. 

^^^ vessel is hidden by the swell 
of the curve of the surfiice of the ocean, or rather of the earth, D E. 

In whst msn. 802. Water, or other liquids will always rise 

Jidri!2*in^ to an exact level in any series of different 

^^u^' tubes, pipes, or other vessels communicating 

with^b^^er? with each other. 

• A hoop wmmnding the earth would bend from a perfectly straight lineelghtinches 
in a mile. ConseqnenUy, if a segment of the aurface of the earth, a mUe long were 
cut oiT, and laid on a perfect plane, the center of the segment would be only tour Inches 
higher than the edges. A small portion of it, therefore, f^^ aU o^^h ary purposes, may 
U eonfldered •• a perfeet plaoe. 
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On what prin- 
ciple are we 
enabled to con- 
vey water in 
aqueducts over 
uneven sur- 
faces? 




This fact is sufficiently illustrated 
by reference to Fig. 118. 

303. It is upon 

the application of 

the principle that 

water in pipes will 

always rise to the 
height, or level of its source, that all 
arrangements for conveying water 
over uneven surfiices in aqueducts, or closed pipes depend. The water 
brought from any reservoir or source of supply, in or near a town or building^ 
may be delivered by the effect of gravity alone to every location beneath the 
level of the reservoir; the result not being affected by the inequalities of the 
surface over which the water pipes may pass in their connection 4}etween the 
reservoir and the point of delivery. So long as they do not rise above the 
level of the source of supply, so long will the water continue to flow. 

Fig. 119 represents the Jine of a modem aqueduct: — a a a represents the 
water level of a pond or reservoir upon elevated ground. From this pond a 
line of pipe is laid, passing over a bridge or viaduct at d^ and under a river at 
c. The fountains at 6 6, show the stream rising to the level of its source in 
the pond a, at two points of very different elevation. 

Fig. 119. 




The ancients, in constructing aqueducts, do not seem to have ever practi- 
cally applied this principle, that water in pipes rises to the level of its source. 
When, in conductmg water from a distant source to supply a city, it became 
necessary to cross a ravine or valley, immense bridges, or arches of masonry 
were built across it, with great labor and at enormous expense, in order that 
the water-flow might be continued nearly horizoutallj. At the present day 
the same object is effected more perfectly by means of a simple iron pipe^ 
bending in conformity with the inequalities of surface over which it passes. 

In the construction of pipes for conveying water, it is neces- 
sary that those parts which are much below the level of the 
reservoir, should have a great dejrree of strength, since they 
sustain the bursting pressure of a column of water whose 
height is equal to the difference of level. A pipe with > 
diameter of 4 inches, 150 feet below the level of a reservoir, should have suif- 



In what man- 
ner should 
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conveyance of 
water be con- 
structed? 
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re of netrl; S tociii ibr 



Fie. 120. 



Detent gtrength to bear with security a buiBting p 

each toot of its lengOi. 
Upon tlia principle that water tends to rise to the level of its source, oma- 

ueata] rountaios ma/ be coostnicted. liet water spout upward tlirougli a pipe 
communicating with Ibe bottom ofa deep vessel, sad 
it will rise nearly to the heiglit of lUe api>er sur- 
face oT tbe water in the vessel. The reaistam.'o of 
tile air, and tbe lalling drops, prevent It frooi rising 
I to Uie exact leveL Let A, Fig. 120, represent • 
cisteni filled witb weler to a coDstaiit beight, &' 
If tour bent pipes bi inserted io tlio side of the 
cistern at different distances below the Burlace, tlie 
water will jot upward from all tbo oriaoes to nearly 
the same level 

Tlie plienomooa of Artesian Wells, and the plan 
oflKiring for water, d^>end on the same principle. 

ini»ii«.iiAr. 304. An Abtksian Well is a cylindrical 
tt^uweii; excavation furmed by boring into the airth. 
ffitb a species of auger, until a sheet or vein of water is 
found, when tbe water rises througb ibe excavation. Such, 
excavations are called Artesiiin, because this method was 
employed for obtaining water at Artois in France. 







Thdre 



in ordina[7 wolla, to tlio surfaci>, is as followa : The surtace 
Mf*""*" of the globe is formed of different layers, or strata, of different 
materiala, such as sand, gravel, clay, stone, etc, placed one 
^da the other. In particular situations, these strata do not rest horizotLtally 
foa one another, but are inclined, th^ diS'erent strata being like cups, or 
taiina placed one within the otber, as in Fig. 121. Some of those strata are 
Mmpoaed of naaterials, as sand or gravel, through which water will soali moat 
Fia. 121. readilji while other strata, 

like clay and roeW, will not 
allow tlie water to pasa 
' through tlicm. JC, now, 
le suppose a stratum liko 
sand, pervious to water, ta 
~ie included as at an, Fi^ 
121, between two other 
strala of clay or rock, the 
waterfellinKUpon the un- 
covered margin of the sandy dltaturo o a, will be absorbed, and penetrate throuith 
its whole depth. It will be prevented from rising to the surface by ihu im- 
pervious stratum above it, and from sinking lower, by the equally impervious 
itrstum below it It will, therefore, accumulate as in a reservoir. It, now, wa 
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txire down tbrongh the upper strntam, aa at 6, until we reach the stratun: 
containing the water, the water will rise in the excavation to a certain height, 
proportional to the height or level of the water accumulated in the reser- 
voir a a from which it Hows.* 

305. The rain which falls upon the surface of the earth 
gin of springs/ shiks downward through the sandy and porous soil, un- 
til a bed of clay or rock, through which the water can not 
penetrate, is reached. Here it accumulates, or running along the sur&ce 
«t'the impervious stratum, bursts out in some lower situation, or at some poiut 
vhere the impervious bed or stratum comes to the surface in consequence of a 

valley, or some depression. 
^^' ^^^' Such a flow of water oonsti- 

tutes a spring. Suppose a^ 
Fig. 122, to be a gravel hill, 
and b a stratum of day or 
rock, impervious to water. 
The fluid percolating through, 
the gravel would reach the 
impervious stratum, along which it would run until it found an outlet at c^ at 
the foot of the hill, where a spring would be formed. 

,,^ ^ ^ 306. If there are no irregularities in the surfece, so situated 

^T^Tby does wftter . 

collect in an or- as to allow a spring to burst forth, or if a spring issues out 

dinary well ? ^^ some point of the porous earth considerably above the sur- 
face of the clay, or .rock, upon which at some depth all such earth rests, the 
water soaking downward will not all be drained off, but will accumulate, and 
rise among the particles of soil, as it would among shot, or bullets, in a water- 
tight vessel If a hole, or pit, be dug. into such earth, reaching below the 
level of the water accumulated in it, it will soon be filled up with water to 
this level, and will constitute a well. The reason why some wells are deeper 
than others, is, that the distance of the impervious stratum of clay below the 
8ur&ce is different in different localities. 

307. All wells and springs, therefore, are merely the rain- 
sonrce do all water which has sunk into the earth, appearing again, and 
rorines^d^rive gradually accumulating, or escaping at a lower level 
their water? 308. The property of liquids to assume a horizontal sur- 

What is a ^ce is practically taken advantage of in ascertaining whether 

y? *?'i ?l a surfece is perfectly horizontal, or level, and is accomplished 
Spirit Level? , % f ^ ^ . xv « irr »i 

by means of an instrument known as the " Water" or 

*' Spirit Level." This consists of a small glass tube, 6 c, Fig. 123, filled 

with spirit, or water, except a small space occupied with air, and called 

* In the great Artedan wells of Orenelle, near Paris, and of Kiscingen, in Bavaria, the 
water risr^s firom depths of 1 ,800 and 1,900 feet to a considerable height above the snrfkoa 
of the eartb. The well of Paris is capable of supplying water at the rate of 14 millions 
of gallons per day. The region of country in which this water fell, from the curvature 
of the layers, or strata of material through which the excavation was made, mast havt 
^eoD distant two hmdred ndlet or mora. 
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Via 1^^ *^® air-bubWe, a. In whatever position the tube 

may be placed, the bubble of air will rest at the high> 
est point K the two ends of the tube arc level, or 
perfectly horizontal, the air-bubble will remain in 
the center of the tube ; but if the tube inclines ever 
10 little, the bubble rises to the higher end. For practical use the glass-tube 
is inclosed in a wood, or brass case, or box. 

^ . ^ . 309. The method of conducting a canal through a country, 

c ie are eanaU the surnoe of which is not perfectly horizontal, or level, de- 
iba^to^^ *°* pends upon this same property of liquids. In order that boats 
may saU with ease in both directions of the canal, it is neces- 
sary that the sur&ce of the water should be level. If one end of a canal 
were faigfaer than the other, the water would run toward the lower extremity, 
overflow the banks^ and leave the other end dry. But a canal rarely, 
if ever, passes through a section of .country of any great extent, which is 
not indiDed, or irregular in its sur&ce. By means, however, of expedients 
caJled Locks, a canal can be conducted along any declivity. In the forma- 
tioD of a canal, its course is divided into a series of levels corresponding 
with the inequalities of the surface of the country through which it passes. 
These levels communicate with each other by locks, by means of which 
boats passing in any direction can be elevated, or lowered wiih ease, rapidity, 
aodsafetj. 

Fig. 124. Fig. 124 represents a section of 

n m, ^» a lock, and Fig. 125 the constnic- 

^ ^ 2z~ — d f^' — J tion of the Lock Gates. The sec* 

tion of Fig. 125 represents a place 
where there is a sudden fall of the 
ground, along which the canal has 
'-Sfrf^^T-^^'i ^^ '^ — =^==— ^Q pj^gg ^ B and C D are two 

gates which completely intercept 

the coarse of the water, but at the same time admit of being opened and 

dosed. A H is the level of the water in that part of the canal lying 

above the gate A B, and E F and F G the levels below the gate A B. The 

part of the canal included between two gates, as E F, is called a lock, because 

when a vessel is let into it, it can be shut by closing both pair of gates. If 

now it is require to let a boat down from the higher level, A H, to the lower 

level, E G, the gates C D are closed tightly, and an opening made in the 

^ates A B (shown in Rg. 125), which allows the water to flow gradually from 

A H into the lock A E F C, until it attains a common level, H A C. The 

gate A B is then opened, and the boat floats into the lock A B C D. Tho 

gates A B are then dosed, and an opening made in gates C D, which allows 

the water to flow from thespace A E F C,until it comes to the common 

tevd, E F G. The gate C D is then opened, and the boat floats out of 

the locks into the continuatkm of the canaL To enable a boat to pass from 

thiB lower level, B F G, to the superior level, A H, the process here described 

is reversed. 
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With -htt 310. When a solid is immersed in a liquid 

ingbo'^'yli^e^ ^* ™''^ ^ pressed upward with a force equal 
«d upw.rd? lo tjjg ^ejgiit of the liquid it displaces. 
now much 311. Asolid immerGed Id waterwill displace 

■^id'tnnierH'd ^^ mucH of the liquid as is equal in volume to 
In ii diipUcef |jje part immersed. 

wh.it Is Bmr- 312. Buoyancy is the name applied to the 
»dcyf force by which a solid immersed in a liquid is 
heaved, or pressed upward. 

The reaistanco offered wlieo we attempt to Biok a body lighter than water 
in that liquid, proves that the water presses with a force upward as well as 
downward. Upon this ^t tho laws of floating bodies depend; nod for thia 
reason the IxittomB of large ehipa are constructed with a groat degree of 
itreagtb. 

313. A body floating; upon a liciuid is main< 
Howu.bodr , . , . •' ,° T .■ ^ 

flfliunBupon. tmHed iH EQUiLiBRio by the operation of grav- 

taioed la eqoi. ity drawing the mass downward, and by the 
pressure of the particles of the liquid upon 
which it rests, pressing it upward. 

wh»nieimn- 314. In Order that a body may float with sta- 
bSw'ofsfllSl bility, ifc is necessary that its center of gravity 
'°«™T' should be situated as low as possible. 
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la the For this reason, all vessels which are light in proportion to 

^f"^ their bulk, require to be ballasted by depositing in the lowest 
portions of the vessel, immediately above the keel, a quantity 

,vy matter, usually iron or stone. The center of gravity may thus be 

It so low that no force of the wind striking the vessel sideways can 

3 it By raising the center of gravity, as when men in a boat stand 

t, the equilibrium is rendered unstable. 

A body floating is most stable when it floats upon its great- 
est sur&ce: thus a plank floats with the greatest stability 
when placed flat upon the water; and its position is unstable 
when it is made to* float edgewise. 

A solid can never float that is heavier, bulk for bulk, than 
the liquid in which it is immersed. 

If the weight of a solid be exactly equal to the weight of 

al bulk of liquid, it will sink in it until it is entirely immersed ; but 

3nce it is entirely immersed, then, the upward and downward pressure 

equal, the solid will neither sink or rise, but will remain suspended 

depth at wliich it may be placed. 

A B, Fig. 1 26, be a cube of wood floating in 
then the weight of tlie water displaced, or 

^ight of a volume of water equal to A B, is 

to the whole weight of the wood ; since the 

d pressure on the bottom of A B is the same 

t which would support a portion of water 

in bulk to the displaced water, or to the cube 

and as the downward pressure of the body 

il to the upward pressure of the liquid, it fol- 

hat the weight of the cube is equal to the 

; of the water displaced. Hence A B will 

* sink or rise. 

lass of stone, or any other heavy substance 

h the surface of water is more easily moved 

pon the land because, when immersed in the 

it is lighter by the weight of its own bulk of 

than it would be on land. A boy will often wonder why ho can lift a 

of a certain weight to the surface of water, but can carry it no farther. 

ast force will lift a bucket immersed in water to the surface ; but if It 

kI farther, its weight is felt just in proportion to the part of it which is 

tho surface. 

weight of the human body docs not differ much from the weight of its 

)ulk of water; consequently, when bathers walk in water chm-deej), 

bet scarcely press upon the bottom, and they have not sufficient hold 

he pround to give them stabiUty ; a current, therefore, will easily take 

>fr their feet 

facility with which different persons are able to float or swim, depends 

;he physical constitution of the body. Corpn^^ + neople are lighter,. 
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bulk for bulk, than those of sparer habits: and as fat possesses a less specific 
gravity than water, a fat person will swim or float easier than a thin one. 

315. It is not, however, necessary, in order that a body should float upon a 
liquid, that the materials of which it is composed should be specidcally lights 
than the liquid. If the entire mass of a solid is lighter than an equal volume 
of the liquid, it will float. 

A thick piece of iron, weighing half an ounce, loses in water nearly one 
eighth of its weight ; but if it is hammered into a plate or vessel, of such a 
f>rmthatit occupies eight times as much space as before, it will then weigii 
Lss than an equal bulk of water, and wiU consequently float, sinking just to 
the brim. If made twice as large, it will displace one ounce of water, conse- 
quently, twic3 its own weight; it will then sink to the middle, and can he 
loaded with half an ouDce weight before sinking entirely. 

iioir can a 316. A body composed of any material, how- 
thi?Jan^Sii2 ®^®^ heavy, can be made to float on any liquid, 
b?^mldr**to however light, by giving it such a shape aa 
float? wjll render its bulk or volume lighter than an 

equal bulk of water. 

Iron ships and boats are illustrations of this principle. A ship carrying a 
thousand tons' weight will displace just as much water, or float to the same 
depth, whether her cargo be feathers, cotton, or iron. A ship made of iron 
floats just as high out of water as a ship of similar form and size made of 
wood, provided that the iron be proportionally thinner than the wood, and 
therefore not heavier on the whole. 

The buoyancy of hollow solids is frequently used for lifting or supporting 
heavy weights in water. Life-preservers, which are inflated bags of India- 
rubber, are an example. Hollow boxes, or tanks, are used for the purpose 
of raising sunken vessels. These boxes are sunk, filled with water, and 
attached to the side of the vessel to be raised. The water, by a connection 
of pipes, is then pumped out of them, when the upward pressure of the liquid 
becoming greatar than the gravity or weight of the entire mass, the whole 
will rise and float. 

Towhatisthe 317. The buoyancy of liquids is in propor- 
•nquTd?propor^ tiou to their density or specific gravity, or, in 
tionai? Other words, a solid is buoyant in a liquid, in 

proportion as it is light, and the liquid heavy. 

Tlius quicksilver, the heaviest, or most donso fluid known, supports iron 
upon its surface; and a man miprht float upon mercury as easily as a cork 
floats upon water. Many varieties of wood which will sink in oil, float 
readily upon water. 

318. The principle that the buoyancy of liquids varies in proportion as their 
specific gravity varies, furnishes a very ready method of determining the spe- 
eiflc gravity of a liquid. This is done by means of an instrument called the 
hydrometer. 
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miib.Hr- 319.TheHYDKOMETEKcon- Fra. 1J7. 
''™'""^ Bists of a hollow glass tube, 
oa the lower part of which a spaerical 
bnlb 18 blown, the latter being filled with 
a suitable quantity of gmall shot, or 
quicksilver, in order to cauEe it to float, 
b a vertical poaition. The upper part 
of the tube' coutains a scale graduated 
into suitable divisiooH. (See Fig. 12T.) 

Btr iDST the ^' ** "'" '"''* *'"' ""^ hydromeler 
qKlfin grmT- will Buik to a greater or less dcpCli Id 
^Jj^j3^ differant liquida ; deeper in tlie lighter . 
tif ttafi Hf. onea, or thoee of small apecific gravity, | 
^™''" and not so deep in tiioee whicli a 

ilaisor, or which have great apeeific gravity. The *^-^ - 

tftoRc gravity of a liquid may, therefore, be estimatoi by the number of di. 
vudons on the stale irhicli remain above the surface of tlie Uquid. T^ii'.-^ 
ire constructed, so that, by their aid. nhen Ihe □umber on the scale at whtL'h 
llie hydrometer floats in a given liquid is determined by experiment, Iho spo- 
dBc gravity is expressed by flgucts in a column Jiroctly opposite tliat oumbtr 
in the table: 

Tliera are various fbrms of ttm hydicmeter especinlly adapted Tur dcl«nniii- 
infttlie dendty, or ^tedfic gravity, of ^irita, oils, syrups, Ije, etc. It allbrds 
1 fesdy method oT delermiaii.g tbe purity of a liquid, as, fur icistance, olco- 
idL The additioD of water to alcohol adds to its density, and tlicretbro in- 
weaaea its buoyancy. The ilddilion of water, therefore, will atoiiw) besliown 
by the less depth to which the hydrometer will sink in the liquid. Tbe 
ululteration of sperm oil with whale, or other cheupor oils, may bo shown in 
the same manner. 

320. For tlw reason that Ihe buoyancy of a liquid is proportioned to iti 
density, a diip will draw leas wat«r, or sail lighter by one tiiuty-filth iti the 
heavy salt water of the oeean, than in Ihe freali water of a river; for the 
lame reason it is easier to nwim in salt than in IVcnli water.* 
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tha" land ta ""'" ^'""i ^' coaling of water, whioh adhere* to il, in apfot' 
pl'ingtd into tiOD to the tecdeucy of the attraction of gravitation to nulla j 
di^roni ilq- jj gjj qJ|^ There is, theraTore, an attraction between the pu' ^ 

ttctes of the water and tbe baud, which, to a certain axten^ 
I EtroDger tbian tbe ioSuenoe ef paritaMn. , 

If oow we uliiTigit tta ham) into a vessel of quick^ver, no adhesion of fl» i 
partitdMcrthe mercuiy to tlio band will take place, and the hand, wM 1 
withdrawn, will be perfectly dry. . j 

If we plunge a, plate of gold, however, into water sad quicksilver, it wiU 
be wet equally by both, and will come out of tiie qwckmlver covered witti i 
ifliite coating of that liquid. 

It is, therefore, obvious that a certain molecular attractioa exists between 
i'ertain liquids rud certain solids, which does not prevail to the same eitent 
betwep.i others. 

wiri n cn- 322, That variety of molecular force which ] 
g^ryAttrK- [ii;iiiift3f-,s itseiriietween the Burfaces of Bolids 
and liqui'ls iw udied Capillary Attraction. 

L^ This name ut.^iuatea from the drcumstance, that this dus 

avifia of the of pbcDomena was first otjserveiJ in small glass tubes, tba 

arm ? j^jg „f which was not thicker than a b^r, and which were 

heoce called CcpiUury iy>es, from tbeLatin word ci^ttlii<, which signifies a bair. 

323. If we take a series of glass tubes oT very fino boff, 

pUlKiT Aunc- but of ditr^rcnt diameters, and place them in a vessel of water, 

Sedf "'"' wbich baa been colored in order to show the efi"ect moro Wrifc- 

ingly, we sball see that the water will rise in the tubes to 

various heights, attaining the greatest degree of elevation in tbe smallest tube. 

Fio. 128. Tbs height at which tlio same hquid will rise in 

any given tube is always uoitbrm, but it varies for 

different liquids. 

Fig. 128 is an enlarged representation of the 
manner in which water will rise in tubes of differ- 
ent diameters. 

The simplest method of exhibiting capillary at 

traction ia to immerse the clid of a piece of thCT' 

mometer tube in water (see Fig. 129) which bos 

tinted with ink. The liquid will Ire seen to 

I ascend, and will remuin elevated in tbe tube at a 

' ooDSiderabia height above the surface of the liquid 

is, that form of attraction vhlob 




f * CAPILLABT ATTBACnON. 

Iaoaeg liqaida to aaeeui above tbdr leiel in capillarr tubea 
I^ bowBTer, ia not Bbictly correct, as this force not onl j acta 
ia elsTating but in depreeBiog liqaids in tubes, and is at 
iraric wberevar liquids are in connoction with BoliU bodies. 
Wlwt wftl bs ^^^ ^'^' liquid be poured bto a vcEsel, as 
I !r*i)J*'i^l!lfa^ wMer in gl^^ whose aides are of such a uatut« 
' Hi ft Uqnld as to be wetted bj it, the liquid will be elevated 
jUoijrra Um above the general level of its surface at the 
M cwuinlBB pomla where it touches tlie Bides of tlie ves- 
V Bol TbU IB shown in Fig. 130. 

If; however, tlio ■4iquid is poured into a 
vessel whose sides are of such a noturo 
they are not wetted by it, as in the cai 
quicksilver in a glass vessel, then the liquid 
will be depressed below the general level of 
points where it cornea in con- 
tact with the udes of the vcb- 
ael. This is shown in Fig. 131. 
325. If two platcB of glass, 
A and B, Fig. 132, be plunged 
into water at tlieir lower ex- 
tremities, with their feces ver- 
tical and parallel, and at a cer- 
riil rise at tlie points 



Wten tba llq- 



ihat 



Fig. 130. 





in distance asunder, t 






Fig. 132. 




with the glass; but at 
aU iutenncdiate points, bcycnd 
a small distance from the plates, 
the general level of the surlaces 
E, C, and D, will correspond. 

If tlie two platOB, A and B, 
are brought near to each other, 
as in Fi;;. i:i3, tiie two curves, 
m and n, will unite, so up to form 



at the same time between them will be raised above tt 
D, of the water in the veaacl. If the plates 
be brought still nearer tt^tber, as in Fig. 134, 
t'lo water between them will riao Htill higher, 
I le force which sustruns the rolumn bring in- 
creased ai the dislanco between tlio plates is 
diminished 

Ti.wh.ti.th« 326. The height to 

ntcri™apn- which water will riae in ~~z^:r- — ziz 

'^aSS^"^ capillary tubes ia ia pi^portioQ ^° ^^^ emall- 
tS8B of their diameters. 
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Fia. 136. 



Tbus in two tabea, one of whkfa is doabla 
the diameter of tho other, the fluid will rias 
to twice tlie b^ght in the BDiaU tube thnt 
it will in the larger. The troth of thii 
pnndple am be made evidcat by the S^- 
lowing beautiful aad eiinple experimeaL 
Two square piece* of plate^lats, C and B, 
Fig. 136, are arranged ao that their iDr> 
fkocB fomi a. loiaate uDg^ M A. Tliis pi>- 
sjtioo may be easilj pven them b; faEtev 

bg with wai or cement When the^ ends of 

llie platea are placed in the water, as aliown in 

tlie ligura, the water rises in the space between 

them, forming the curve, which is called an 

hypertK>la. The eievation of the water between 

tlio two sni&cea will be the greatflst at the 

points where the distance between the phitea is 

the least. 

32T. The figure of the Burfiice which bounds 

a hqoid in t, cai^ar; tube will depend upon 

tlie exleuioTtbealtraclioti which ezista between 

the particles of the liquid and the aurfaco of 

i.'ie tube. Thus, a column irf wflier contained in 

have a concave Ibnn of Bur&ce, as iu Fig. 136, ainca the 

allraction of glass lor walar exceeds tlie attraction of the 

]rarticles of water for each otlicr; a surface of mercury, on 

(he contraiy, in a similar tube, will be convex, see Fig. 

137, since the attraction of glass for mercury is less Chaa 

the mutual attractioQ of the particles of mercurj. 

S28. In a capillary tube a 

iiquii be eie- liquid will ascend above its 

deprewdii ■ general level, when it wets the 

tube ; and is depressed below its level when 

it dnea not wet it. 

Hmr ina.T ■ ^^^' ^^^^ BurEice of a body repels a liquid, such a bod^ 

nacillebeniide though heavier, bulk tbr buht, than the liquid, may, nndCi 

iralGr /' "^^ """"^ dreumstance?, float upon it ; and so present an apparen; 
exception to the general bi-dro^Catic law by which solldJ 

which are heavier than liquids, bulk for bulk, will sink in them. An exam- 
ple of this may be shown by slighlly irmisinf; a fine sewing-needle, and then 

placing it c^rofiilly in the direction of ils lcn]!th upon the surface of water. 

The needle, although heavier, bulk for bulk, than water, will float 
The power of certain insfcts to walk upon the surface of water without 

Mnkinsj, has l>eeii explained upon the same principle. The feet of these in- 

HCt^ ^e the greased needle, have *, capillary repul^n fbr the water, and 
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Vhca tba7 ^iplj UiMn to tiie ■oi&ce of nater, instead of Binkiiig in it, tiiej 

For a like reuon, water will not Sow through a fine aave, the wiies oT 
uluch have been greased. 

wh™ iriu > ^^- -^ l'q^«'<i ^'11 not wet a solid when the 

■M^Jg lo force of adhesion developed between the par- 
ticles of the liquid and the surface of the sulid, 

is less than half the cohesive force which exists between 

the particles of the liquid. 

- 331, ThBfiiotoftbeHtroiigadlienon Fia 138. 

"RopePompr' which exists between viaKr and tlio 
flben of a ropev has been taken ad- 

rantage <^in the constniction of a kind of pump, called 

tiie "Kops," ot "Vera'a" Pump, Fig. 138. It ooa- 

isls of a cord paaang over two wheels, a and li, the 

Ww ono of whioli is immereed in water. A rapid 

Botiflo is given to the wheels by means of the crank 

i, and tbe water, by adhering, fbllowB the rope in its 

aoremeatB, and Mtiiacbarged into a receptacle above. 

— ^ Illustrations of aipillaty attractioo 

nlllir lllnitn- nro most tkniliar in the experience of 

li^«to.^n'f overy-day Ufc. The wick of a lamp, __^ 
or candle, lifts the oil, or melted gresse jl^; 

■hich sappliea the Home, from a sarfece ofitn two or 

Ihree ioches bolow the pomt of combustion. In a " ~^^~.-' -~—"- 

Bitton-widc, which fa the material heet adapted for this purpose, the mi- 

nalc^ azparate fiben t/tbe cotton themselves are capillary tubes, and tlic in- 

tflnticea t>etween the filaments composing the wick arc also capillary tubes ; 
in tbeee tho oil ascends. The tnl, tiowever, can not lie lifted frei^ly beyord a 
Mrtata h^gfat by capillarj attraction : hence, when the surface of tbe oil is 
L>v in the lamp, tbe flame becomes feeble, or expires. 

Tf the end of a towe\ or a moss of cotton thread, be unmcrsed in a basin of 
water, aud the reminder allowed to liang over the edge of tlio basin, the 
whIot will ri»a through the porea and inten^ices of the dotli, and gradualty 
wet the whtde towel In this way the basin may be entirely emptied. 

If «and, a lump of sugar, or a sponge, liave moL«ture beneatli and ehghlly 
m contact with it, it will ascend throug^i the pores by the agency of capilloTy 
attraction in oppoaitioa lo gravity, and the entire mass will become wet. 

The lower story of a hoa<<e is sometimes damp, because the moisture of the 
J^oilnd aaeenda througli the pores of the materials constituting the waits of 
the building. Wood imbibes moisture by the capillary attraction of its pores, 
and eipands or swells in caraequence. This lact has been taken advantage 
<rf'fbr splitting stones; wedges of dry wood are driven into iiptraves cut in the 
Hone, and on being mqisCened, swell with such irreusUble force as to spUt 
tlie Uodc ift ft diie<4ioo r^ulated by the groove,. 
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An immi.ni-' weight Buqwnded by a diy rope, tnaj- be rsiBed ■ Uttle mj*,- 
by merely wetting the n^ ; the nunature imbibed bj capilLuy attraction ntlo 
the sabetanoe of Uie rope causes it to swell Uterali; and beconie shorter. 

Capilloiy attractioa ia also iiisCruDiental in anppljing trees and plauls witll 
nKnatoro tbnH^h tbe agency of the roota and uiulerg;roui)d fit>era. 
wbrt.™ uh 332. The teraiB Ezosmosk and Endosmobb 
fSM[M«\nd *■* applied to those currents in contrary direc- 
EudoBKint tions which are established between two liquids 
oJ a different nature, when thej are separated from each 
other by a partition composed of a membrane, or any poroui 
iubfitasce. 

The name Eadomnme, derived from ■ 
f lo. 139. Greek word, aignifles goinsi in, and is ap- 

plied to tho EtroDger carrent; while Iba 
name Exogmaie, eigni^iiig goiag out, ii 
applied -to the weaker currenL 

The phenomena of Eadagmoat and M- 
otmoae, which are undoubtedly dependeiit 
on capiilai7 attracUon, may be illuntnited 
by the foUawing ample ezperiaieni : — If 
we take a small bladder, or any other mem- 
branous substance, and having fsEtcned it 
on a tube open at both ends, as is repre- 
sented in Fig. 139, Bll tbe bladder with 
alcohol, and immerse il, connected wilk 
the tube, in a basin of water, to suuh an 
extent that the top of tbe bladder filled 
with alcohol corresponds with the level 
of tho water in the vessel, in u sliort 
time a I be observed, Uiat tho liquid 
IS ns Df; n the tube connected 'with 
the bladder and will nltimalely reach tlie 
top and flow er. This rising of the al- 
coho u tl e tube is evidently due to the 
c re matan ■e that the water permeates 
tl ro gh the bladder, with a certain de- 
gretj <rf force producing the phenomena 
which we call er^domose, going n the eff ct he ng to elevate tbe alcohol to 
a considerable height n the tube At the wt e time, a certain quantity or 
the alcohol has passed out through tho pores of the bladder, and mixed with the 
water iu the ertemal vesseL This outward passage of the alcohol we call 
enumow, ''going out," A less quantity of the alcohol will pass out of the 
bladder in a given time to mingio with the watar, than of the water will pass 
in, and consequently the bladder oonttuning the aloohol having more Jiqoid 
in it than at flnt, iMComes ertniiDed, and presses the liquii up ia the tube. 
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'f It we have a box divided by « partition of porous day, or any other sub- 
^" staoce of Jike nature, and place a quantity of syrup on one side, and water on 
the other, or any other two liquids of different densities whicli freely mix with 
one another, currents will be established between the two in opposite direc- 
tioDS through the porous partition, until both are thoroughly mingled with 
each other. 

333. If a liquid is placed in contact with a surface of 
the body, divested of its epidermis, or outer skin, or in 
CDQtact with a mucous membrane, the liquid will be ab« 
sorbed into the vessels of the body through the force of 

codosmose. 

PRACTICAL QUESTIONS AND PROBLEMS IN HYDROSTATICS. 

L Why are stones, grayel, and sand so easOy mored hj wares and currents f 
Because the moving water has onlj to overcome about half the weight of 
thestonew 

8. Why can a stone which, on land, requires the strength of two men to lift it, b« 
lifted sad carried in water by one man ? 

Because the water holds up the stone with a force equal to the weight of 
the volume of water it displaces. 

1 Why does cream rise upon milk f 

Because it is composed of particles of oilj, or fatty matter, which are lighter 
f than the watery particles of the milk. 

4. How are fishes able to ascend and descend quickly in water ? 
They are capable of changing their bulk by the voluntary distension, or 
contraction of a membraneous bag, or air bladder, included in their organiza- 
tion ; when this bladder is distended, the fish increases in size, and being of 
leaf specific gravity, t. e., lighter, it nses with facility ; when the bladder is 
contracted, the size of the fish diminishes, and its tendency to sink is increased. 

5. Why does the body of a drowned persor generally rise and float upon the surface 
iereral days after death ? 

Because, from the accumulation of gas within the body (caused by incipient 
putrefaction), the body becomes specifically lighter than water, and rises and 
fl jats upon the surface. 

6 How are life-boats prevented ttom sinking ? 

They contain in their sides air-tight cells, or boxes, filled with air, which by 
f Iieir buoyancy prevent the boat from sinking, even when it is filled with water. 

7 Why does blotting-paper absorb ink? 

The ink is drawn up between the minute fibers of the paper by capillary 
attraction. 

8. Why win not writing, or sixed paper, absorb ink ? 

Becaoae tha sizing^ being a species of glue into which writing papers are 
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dipped, fills up the little interstices, or spaces, between the fibers^ and in tills 
way preveuts all capillary attraction. 

9. Why is regetation on the margin of a stream of water more luznriant than in n 
open field f 

Becauso the porous earth on the bank draws ap water to the roots of tin 
plants by capillary attraction. 

10. Why do persons who water plants in pots f^eqaently pour tiie water into tiw ms> 
cer iu which the pot rests, and not over the plants? 

Because the water in the saucer is drawn up by capillary attraction thnnglb 
the little interstices of the mold with which the pot is filled, and is tlnis j» 
sented to the roots of the plant. 

IL Why does dry wood, immersed in water, swell ? 

Because the water enters the pores of wood by capillary attractioB^ snd 
forces the particles further apart from each other. 

12. Why will water, ink, or oil, coming in contact with the edge d a book, soak fiff* 
ther in than if spilled upon the sides ? 

Because the space between the leaves acts in the same manner aa a 8dbI 
capillary tube would— attracts the fluid, and causes it to penetrate &r inwaii 
The fluid penetrates with more difficulty upon the side of the lea^ becaose 
the pores in the paper are irregular, and not continuous fi^om leaf to leaf 

13. In a hydrostatic press, the area of the base of the piston in the foroe-pnmp is om 
square inch, and the area t)f the base of the piston in-the large eylinder is foortaeo sqiisM 
inches ; what will be the force exerted, supposing a power of eight handled poonds ap- 
plied to the piston of the force-pump? 

14. A flood-gate is five feet in breadth, and sixteen feet in depth : what will be tiie 
pressure of water upon it in pounds ? 

15. What pressure will a vessel, having a superficial area of three feet, sastsin i^ 
lowered into the sea to the depth of five hundred feet f 

16. What pressure is exerted upon the body of a diver at the depth of ftlzty ftet, np* 
posing the superficial area of his body to be two and a half square yards t 

17. What will be the pressure upon a dam, the area of the side of whieh is one fasB' 
dred and fifty superficial feet, and the height of the side fifteen feet, the water fisiog cm 
with the top ? 



What is the 



CHAPTER IX. 

HYDRAULICS. 

334. Hydraulics is that department of 
science of Hy- phvsical sciciice which treats of the laws and 

draulics? ^ '' /» v • j • x' tt 

phenomena oi hquids m motion.*^ 

Hydraulics considers the flow of liquids in pipes, through orifices in tb6 
sides of reservoirs, in rivers, canals, etc., and the construction and operation 
of all machines and engines which are concerned in the motion of liquids 
* From vScjp (hndor), watery and avX6f (aaUM), apipe^ 
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nnviotdoM 835, When an opening in made in a reset- 
Iri^^^ voir containing a liquid, it will jet out with a 
p^* velocity proportioned to the depth of the aper- 

ire below the sw^kce. 

Fia. 140. Suppceing the stirbce of water in a vessel, D, Tig. 

140, to be kept at a constant height bj the water 
Sowing iota it, and that the water Oows out through 
opimtiigs In the Bide of predael; the lame tize ; then 
k quart meanue wodU be filled ftvm the jet iasoJcg A-om 
B as (ODD aa • pint metunire from the upper opening, A. 
As the Sow of liquids is in consequeace of the at- 
traction oT gravity, and aa the pfessure of a liquid ia 
\ equal in all directiona, we have tha ibtlowing prind- 
^ pie establiabed : — 
'tai.thBTB- ^^^- ''''* velocity which the particles of a 
^^■uq- liquid acquire when issuiui; from an orifice. 
"""H- whether Bideways, upward, or downward, le 
equal to that which they would have acquired 
1 filing perpendicularly through a space equal to the 
epth of the aperture below the surface of the liquid. 

Thus, if an aperture be made in tha bottom, or side, of. a vessel containing 
iter, 16 feet below the sur&ce, the velocity with which the water will jet 
at will be 32 feet per second, tor this is the celocity which a body acquires 
iMing through a space of 16 feet 

Ab the velocity acquired by a &lliDg body is aa the square root of the space' 
hnjDgh wbitdi it fells, the velocity with which water will issue (kihi an apei[;j', 
^reioay be calculated by the following rule: — :\.'',. on 

iw wr tbe 337. The velocity with which water spouts 
iqS'lioirfTig °"^ fr"™ ^"y aperture in a vessel is as tha 
S?to JS^I square root of the depth of the aperture below 
*'^' the surface of the water. 

The water must, therelia^ flow with ten times greater velodtj from an 
)|>fniDg too inches below the level of th^ Uqnid, than from a depth of only 
oe Indi below the same leveL 

'tu ii the ^^^" "^^ theoretical law for determining the juaniifj of. 
iitiiRtkai Uv water disdiarged from an orifice is as tbllows: — 
't uh <|uii. The quantity of waterdischarged front aa ori- 
MuTKed fice in each second mny be calculated by multi- 
ubj ''"^' plying the velocity by the area of the aperture. 

Hie above rules ibr calculating the velocity aod quantity of water flowing 
iwn oriflcee, are not Rmod strictly to hold good in practice. The friction 
' vater against the sidea of vessels, pipes, and apertures, and the formatuta 
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of what is called the "contracted veiiif" tend very much to diminish the mot 
tion and discharge of water. -piQ 141 

Wlien water flows through a circular aperture 
*' c<>n^racted in a vessci, the diameter of the issuing stream 

rein" ill aciir- jg contracted, and attains its smallest dimensions 
rent of water ? ' 

at a distance from the onflce equal to the diam- 
eter of the orifice itself The section of the jet at tiiis point, Pig. 
141, 8 8\ will be about two tliirds of the magnitude of the onfije. 
This point of greatest contraction is called tiie vena caniracta, or cutiiracied vm, 
wiia* I th ^^^^ phenomenon arises from the circumstance that a liquil 

oau:io of this contained in a vessel rushes from all sides toward an orifice, 
phenoinetion? so as to form a system of converging currents. These issuing 
out in oblique directions, cause the shape of the stream to change from the 
cylindrical form, and contract it in the manner described. 
How may the ^^ *^^® attachment of suitable tubes to the aperture, the 
effjct of the effect of the contracted vein may be avoided, and the qiian- 
vdn'^be avoid- ^^^7 ^^ flowing water be very greatly increased. A short pipe 
ed ? will discharge one half more water m the same time, than 

a simple orifice of the same dimensions. The tube, however, must be 

Fig. 142. entirely without the vessel, 

as at B, Fig. 142, for if co • 
tinned inside, as at A, the 
quantity of liquid discharged 
will be diminished instead 
of augmented. 

The rapidity of the discharge of the water will also depend much on the 
figure of the tube, and that of the bottom of the vessel, since more water 
will flow through a conical, or bell-shaped tube, as at C, Fig. 142, than 
tlirough a cylindrical tube. A still further advantage may be gained by hav- 
ing the bottom of the vessel rounded, as at D, and the tube bell-shaped. 

An inch tube of 200 feet in length, placed horizontally, will discharge only 
one fourth as much water as a tube of the same dimensions an inch in 
length ; hence, in all cases where it is proposed to convey water to a distance 
in pipes, there will be a great disappointment in respect to the quantity actu- 
ally delivered, unless the engineer takes into account the friction, and the 
turnings of the pipes, and makes largo allowances for these circumstances. 
If the quantity to be actually delivered ought to fill a two inch pipe, one of 
three inches will not be too great an allowance, if the water is to be conveyed 
to any considerable distance. 

In practice, it will be found that a pipe of two inches in diameter, one hun- 
dred feet long, will discharge about five times as much water as one of one 
inch in diameter of the same length, and under the same pressure. This dif- 
ference is accounted for, by supposing that both tubes retard the motion of 
the fluid, by friction, at equal distances from their inner surfaces, and conse- 
qtiently, the effect of this cause ig much greater in proportion, in the small 
tube, than m the large one. 
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What win be 
the difference 
in the flow of 
a liquid when 
the vessel is 
kept foil and 
irhen it is al- 
lowed to emp- 
t7ltsdf? 

What is the 
principle and 
construction 
of the water- 
dock? 



Fig. 143. 
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As the velocity with which a stream issaes depends upon the height of the 
column of fluid, it follows that when a liquid flows fh>m a reservoir which is 
not replenished, but the level of which constantly descends, its velocity will 
be uniformly retarded. The following principle has been established : — 

839. If a vessel be filled with a liquid and 
allowed \o discharge itself, the quantity issu- 
ing from an orifice in a given time, will be 
just one half what would be discharged from 
the same orifice in the same time, if the vessel 
was kept constantly full, 

340. Before the invention of clocks and 
watches, the flow of water through small ori^ 
flees was applied by the ancients for the meas^ 
urement of time, and an arrangement for this 
purpose was called a GUpsydra, or water-clock. One form of 
this instrument consisted of a cylindric^ vessel filled with 
water, and furnished with an orifice which would discharge the 
whole in twelve hours. If the whole depth through which the 
water in the vessel would sink in this time be divided into 
144 parts, it will sink through 23 in the first hour, 21 in the 
second, 19 in the third, and so on, according to a scries of odd 
numbers : this diminishing rate depending on the constantly 
decreasing height and pressure of the column above the point 
of discharge. The spaces indicated upon a scale attached to 
the side of the vessel, and compared with the position of the 
descending column, marks the time. Fig. 143 represents the 
form of the water clock. 

341. The force of currents, whe- 
ther in pipes, canals, or rivers, is 
more or less resisted, and their velocity re- 
tarded, by the friction which takes place be- 
tween those surfaces of the liquid and the solid which are 
in contagt. 

This explains a feet which may be observed in all rivers: 
that the velocity of a stream is always greater at the center 
than near the bank, and the velocity at the sur&ce is greater 
than the velocity at the bottom. 

342. If a given quantity of liquid must pass 
through pipes or channels of unequal section 
in the same time, its velocity will increase as 
the transverse section diminishes, and dimin- 
ish as the area of the section increases. 



How is the re- 
loeitf of water 
iu pipes and 
rivers retard- 
ed? 




At what part 
of a stream is 
the velocity 
greatest? 

In a channel of 
nnequal sec- 
tion, how will 
the velocity of 
a current be 
afEected? 
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This &ct 18 fiuDiliar to every one who obeehres the ooune of brooks or 
rivers: wherever the bed contracts, the current becomes rapid, and on the 
contrary if it widens, the stream becomes more sluggish. 

343. A very slight declivity is sufficient to give motion to 
tiOT^'is'^Miffl- '^i^og water. Three inches to a mile in a smooth, straight 
dent to give diannel, gives a velocity of about three miles per hour. 
Sgl^Tti??""" '^® "v®^ Ganges, at a distance of 1,800 mOes from its 
mouth, is only 800 feet above the level of the sea. Tho 
average rate of indinatioo of the suTfiEU» of the Missiasipin is 1.80 for the first 
hundred miles from the Gulf of Mexico, 2 indies for the second hundred, 2.30 
£)r the third, and only 2.57 for the fourth. 

What is the "^^ velocity of rivers is extremely variable ; the slower class 
average veiod- moving from two to three miles per hour, or three or four feet 
ty of liTere ? pgjp gecond, and the more rapid as much as six feet per second. 
The mean velocity of the Mississippi, near its mouth, is 2.26 miles per hour, 
or 2.95 feet per second.* 

The quantity of water wluch passes over the beds of rivers in a given time 
is very various. In the smaller class of streams it amounts to from 200 to 
350 cubic feet per second. In the smaller class of navigable rivers. It amounts 
to from 1,000 to 1,200 cubic feet; and m the larger dass to 14,000 cubic feet 
and upward. It is estimated that the Mississippi discharges 12 billions of 
cubic feet of water per minutcf 

* In the constmction of water-duumels for drainage, the regnlaUon of indination necet- 
■arj to prodnce free flowage of the irater, is a matter of great importance. This indinatioa 
Taries greatly with the size of the stream of water to be conducted ofL Large and deep 
rivers ran snfficientif swift with a fall of a few inches per mile ; smaller rivers and brooks 
require a fall of two feet per mile, or 1 foot in ?,500. Small brooks hardly keep an open 
eonrse under 4 feet per mile, or 1 in 1,200 ; while ditches and covered drains require at 
least 8 feet per mile, or 1 in 600. Furrows of ridges, and drains partially filled with loose 
materials, require a much greater inclination. 

t A question of some interest relative to the eonrse and flow of rivers, may, perhaps, 
be appropriately considered in this connection. The question is as foUows: Do the 
Mississippi, and other rivers whose courses are northerly and southerly, flow up hill or 
down hill ? The Mississippi runs from north to south. If its source were at the pole and 
its mouth at the equator, the elevation of the month would be thirteen miles higher than 
its source, as this is the difference between the equatorial and the polar radii of the 
earth. On this principle, the mouth of the Mississippi is two and a half miles more ele< 
vated than its source. Does it run up hill, and if so, how has its coarse and motion 
originated? The problem, although apparently one of difficulty, admits- of an easy 
solution. 

' The centrifugal fMre, caased by the rotation of the earth, has changed the form of our 
planet Arom that of a perfect sphere to that of an ellipsoid, or a sphere flattened at the 
poles, in which the length of the largest ra^dius, exceeds the shorter by thirteen miles, the 
present form being the figure of equilibrium under the present conditions. The cohesion 
of the solid particles of the earth has resisted, and does resist, to a limited extent, 
the influence of the centrifagal force which has changed the original figure ; but the par- 
ticles of liquid on the earth's surface, being perfectly free to move, yield to the influence, 
and are at rest only so long as the condition of equilibrium is undisturbed, and always 
move in such a way as to restore it when it is disturbed. Water, consequently, always 
flows fh>m places which are above the figure of equilibrium, to those which are below it. 
Now the month of the Missisidppi is two and a half miles more distant fromthe cmter of 
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BowarewaTM 344. When One portion of a liquid is disr 
"SSLeM fora^ turbed, the disturbance (in consequence of the 
•*^ freedom with which the particles of a liquid 

move upon each other) is communicated to all the other 
portions, and a wave is formed. This wave propagates 
itself into the unmoved spaces adjoining, continually en- 
larging as it goes, and forming a series of undulations. 
*v . . .t. 345. Ordinary sea waves are caused by the 

What is the • ii i n n 

•rigin of sea wmd prcssmg uncqually upon the surface of 
the water, depressing one part more than an- 
other : every depression causes a corresponding elevation. 

Where the water is of sufficient depth, waves have only a 
SMe*^*f "th" vertical motion, ie., up and down. Any floating body, as a 
ncte actoaUy buoy, floating on a wave, is merely elevated and depressed 
SfftaStontfyt* alternately; it does not otherwise change its place. The 
apparent advance of waves in deep water is an ocular decep- 
tioD: the same as when a corkscrew is turned round, the tliread, or spiral, 
appears to move forward. 

346. A wave is a form, not a thing ; the form advances, but 
AwjM break not the substance of the wave. When, however, a rock rises 
^Drt the ^ ^^Q Burfooe, or the shore by its shallowness prevents or re- 
tards the oscillations of the water, the waves forming in deep 
water are not balanced by the shorter undulations in shoal water, and they 
oooeequently move forward and form breakers. Thus it is that waves always 
break against the shore, no matter in what direction the wind blows. 

When the shore runs out very shallow for a great extent, the breakers ar& 
distinguished by thd name of surf. 

On the Atlantic, during a storm, the waves have been observed to rise to 
a height of about forty-three feet above the hollow occupied by a ship ; the 
total distance between the crests of two large waves being 559 feet, which 
distance was passed by the wave in about seventeen seconds of time. 

the earth (i. «., the eenter of ftgnre) than the snnrce is. Bat If it had not been for th» 
restraining influence of the cohesive force prevailing among the solid particles, it would 
have been, through the action of the centrifugal force, three miles higher, instead of two 
and a balfl It is therefom below the surfisoe of equilibrium, and the water flows south 
to fill np the proper leveL 

The question at to whetber the river flows np, or down, depends on the meaning we 
attach to the words used. If by rowir we mean toward the earth*s center of figure, or 
toward that part of the earth* s surface where the attraction of gravity is the greatest, as 
at the poles, then the Mimissippi runs up bill. If, on the contrary, down means beluw 
the surface of equilibrinm, and ur means above the surface of equilibrium, then the Mis- 
sisaipi flows downward. If tho earth were a perfect sphere, and without rotation, tho 
river would flow northward. A more complete explanation of this subject will be found 
In a paper read before the American Academy by Prof. Lovering in 1856, and I a the 
** knwul ef teieatMtoDiw^fwy^ 4&r tWT, pp. 1T9— 1S>« 
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How decs the 347. The resistance which a liquid opposes 
SlwhSlwUd to a solid body moving through it, varies with 
tt rair/*'"'"^*' the form of the body. 

The resistaDce which a plane surface meets with while it 
moves ui a liquid, in a direction perpendicular to its plane, is in general, pro* 
portioned to the square of its velocfty. 

What advan- ^^ *^® surface of a solid moved against a liquid be presented 
togehasanob- obliquely with respect to the direction of its motion, instead 
ta^"*moyi?r^ of perpendicularly, the resistance will be modified and dimin- 
uain^t a liq- ished ; the quantity of liquid displaced will be less, and tbo 
surface, acting as a wedge, or inclined plane, will possess a 
mechanical advantage, since in displacing the liquid it pushes it aside, instead 
of driving it forward. 

The determination of the particular form which should be given to a mass 
Qf matter in order that it may move through a liquid with the least resistance, 
is a problem of great complexity and celebrity in the history of mathematics, 
inasmuch as it is connected with neariy all improvements in navigation and 
naval architecture. The principles involved in this problem require that the 
length of a vessel should coincide with the direction of the motion imparted 
to it ; and they also determine the shape of the prow and of the surfaces be- 
neath the water. Boats which navigate still waters, and are not intended to 
carry a g^eat amount of freight, are so constructed that the part of the bot- 
tom immersed moves against the liquid at a very oblique angle. 

Vessels built for speed should have the greatest possible length, with merely 
the breadth necessary to stow the requisite cargo. 

The form and structure of the bodies of fishes in general, are such as to en- 
able them to move through the water with the least resistance. 
__ , 348. In the paddles of steamboats, that one is only com- 

paddles of a pletely effectual in propelling the vessel which is vertical in 
effective t*™^^'^ *^^® water, because upon that one alone does the resistance 
of the water act at right angles, or to the best advantage. 
In the propulsion of steamboats, it is found that paddle-wheels of a given 
diameter act with the greatest effect when their immersion does not exceed 
the width, or depth, of the lowest paddle-board ; their effect also increases 
with the diameter of the wheel. 

_ ,^ ^^, The amount of power lost by the use of the paddle wheel 

Is the paddle- r n- i • *. • - aa- ^ 

wheel an ad- as a means of propellmg vessels is very great, since, m addi. 

rantageous ^.j^^ ^^ ^j^^ f^^^ ^j^at only the paddle which is vertical in the 

method of ap- ^ r 

i>iyiDg power water is fully effective, the series of paddles m descending 

J^MeisT**^^ into the water, are obliged to exert a downward pressure, 

which is not available for propulsion, and in ascending, to lift 

a considerable weight of water that opposes the ascent, and adheres to the 

paddles. The rolling of the vessel, also, renders it impossible to maintain the 

paddles at the requisite degree of immersion necessary to give them their 

greatest efficiency ; one wheel on one side being occasionally immersed too 
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deeply, while the otber irtieel, on the other aide m^ be lilted entirelr oat«f 

iXHTibe ttiii ^*^' ■^° '■emedy in some degree tbeae cansos of ineSdeDRf 
nmHrucilDn tud vaBt«, the flubmerged propelling-wbeo!, kuowa as thn 
5w KiKir-Dr^ tcreiB-prepelkT, lias been introduced within the last few yean. 
p^ler. The gcrew-propellcr consists of a, nlieel rcscmbliDg in ila Rinn 

Uie threads of a screw, and rotating on an axlo. It is placed 
in Itie stem d the veasel, below tbo water-lino, imnwdiately in froiit of the 
rodder. [Ig. m repreaents one fonn of the screw-propellsr, and ita locality 
ia reference to the other parts of the vessel. 

Fig. IU 




ITio manner in which the screw-propeller acta in impelling the vessel for- 

- "axd, may be understood by auppoang tbo wheel to bo an ordinary screw, 

I fii the water surrounding it a solid substance. By Inrning the screw in ono 

liirKtion or tbe other, it would move through the water, carrying the vessd 

*iUi it, and the space through which it would move in each revolution would 

I lie equal U> tbe disiance between two contiguous threads of tbe screw, Jn 

I ^ the water would act as a fixed nut, in which the screw nTiuld turn. 

Bat [ho water, although not fixed in its position as a solid nut, yet offers a 

tmsiderabie resistance to the motion of the screw-wheel ; and as the wheel 

tens, driving the water baelcward, the reaction of the water gives a propuV 

son to the vessel in a contrary direction, or forward. 

The great advantage of the Bcrew-propcUer is, that its ac- 
tion on the water will be the same, no matter to what degree 
it may be inimeriied in it, or how the position of the vessel 
a the surface of tbe water may be eliiinged. 
350, The application of the force of water in motion lor im- 
peDing macbinery, is most extensive and familiar. The ^di> 
pleet method of applying this (brcc as a mechanical agent, is 
by meaaa of wheels, which are caused to revolve by tba 
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mi^t, cr pnwora, of the water applind to their drcom&renoeB. Theas 
wheels are mounted upiMi aliafta, or axlea, which are in tum cooaected with 
the macbiner; tn whtdi motion is to be impaned. 
iBiohowi™* ^1- The water-wbeelsat prCBentniOBt gen- 
nH^wi^ urally used may be divided into four cluBsee — 
di»id«4f the Undeeshot, the OvBHsaoT, the Bkbabt 

Whkkl, and the Tourbine Wheel. 

363. The CnderBhat Fis 145 

auHtijettoD «f Wheel couswts or a wbeel, 
Wh^'^"'*"' on llio drcumremice of 

which are fixed a number 
oTllat boards called ".A>aC.doimi!," at equal 
distances from each other. It is placed in 
ench a portion that ib lower floats are im- 
meraed in a runoiog stream, and is set in 
motion by the impact of the water on the 
boards aa they Micoeeaif ely dip into it A 
wheel cf tUa kind will ibtoIto in an; 
■tream which liimishea a cmrent of aafB- 
cient power. Fig. 14S represents tiie coostntction of tite underahot wheel 

This 6yrm ofwbeel is usuall; placed in a "race-way," or narrow passage, in 
ench a manner aa U> receive tiie fhll force of a current i^uing Ironi the bolton 
of a dam, and striking gainst tiie float-boards. And it is important tu re- 
member, that the moring power is the eame, whether water falla downward 
fi-om the top of a dam lo a lower lovcl, or whctlicr it isauea from an opening 
made directly at the lower IcrcL Tiiis will bo obvious, if it ia considered 
that the force with which water issues from an opcninii made at any point in 
the dam will be equ^ to that which it would acquire iti fulling from tlie sur- 
fcce or level of the water in the dam down to the sanne point. 
Wh«t nronor- '^* undershot wheel is a mc 
Hon of power ia applying the power of wattr, 
iSi^t wb^'f ^^^ moving power of the wi 

by it. 
^;S!Si™rf 353. In the Overahot 
111* orsnhat Wheel, the water is received 
*'"»'■ into cavities cr cells, called 

"bodieta," Ibraied in the circumference of the 
wheel, and so sliaped as to retain aa much of 
(he water as possible, until the; arrive at the 
lowest part of tlie wheel, where they empty 
themselves. The buckets then ascend empty 
on the other aide of tlio wheel to be fllkd as- 
before. The wheel ia moved by tlie weight of 
the wsier contained in the buckets on tho descending aide. Fig. 116 repre- 
sents an overshot wheel . 
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. It rt'quires a fall In tlio stream, 
diameter. Wheels cf thia kind, 
whea well coostructed, utilize nearly tliree IburtLs of tlio mov- 
ing force of the water. 

ji^^. h ^^*- '^^ Breast Wheel may be eonaidered aa a variety 

- - " - intennediate between tbe overahot and the uadcrsliot whcelx. 
Id this, tbe water, inatead of CklUng oa tUc wheel from above, 
iw pesmng entirely beneath it, is delivered just below the level 
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the water to descend upon llie side of tho 
wheel, is built in a circular form, to fit tho 
cirdlraforence of the wheel, and the water 
thoB inckised acta parthilly by ita weigl.t, 
and partially by its impulse, or momentum. 
Fig. in represents a breost-whecl, with ila 
circular race-way. 

The breast-wheel, when well constructed, 
will utilize about 65 per cent, of the mov- 
ing power of tho water. It is more efficient 
than tho undershot wheel, but less timn the 
theretbre only used whoro tho £dl happens lo be particularly 

•doited Tot it 
S65. Tbe fourth class of water-wheels, the " Tonr- ^'o. 14«. 

bine," or " Turbine," is a wheel of modem invention, 

md is the most powerfnl and economical of all tvater- 

Tbe principles of the ccnstractioa and action of Ihe 

Tonrtmie wheel may be best understood by a previooa 

eiaminaljon of the conatnicUon of another water- 
engine known as " Barker's UiU." (See Fig. 148.) 

This conaiBts of an upright lube or 
cylinder, Jbroiahed wiih a smaller 
*"***'• ""^ cross-tube at tbo bottom, and en- 
larged into a funnel at the tap. The whole cylinder 
Is so supported upon pivots at tho top and bottom, 
that it revolves IVeely about a Tertical axLi. If 
evident if there are no openings in the ends of the I 
cioss-tnbes, and the whole is filled with water, that 
Ibe entire arranfi^ement will be simply that of a doso 
vcBsel filled with water, without any tendency lo motion, 
ends of the arms, or croaa-tubo, have openings on the "iides, oppositH to one 
another, aa is represented in the figure, tho sides of tlio tube on whith tbe 
openings are, will be relieved &i>m the pressure of the column of water m the 

npri^l Wbe by the water tkiwii^ out, whiletbo pr^^are on the sides oppo- 
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Bite to tbfta, which hara no openiagis, will TSmain tfaa same. The machine, 
therefore, will revolve in the direction of the greater pressure, Uiat ia, io a 
direction contrary (o that of tlie jeta of water. A supply of water poared into 
the fuDiici-Iicad, keeps the cylinder full, aod the prsssuie <d* the colomQ of 
water constant 

TliD action of this machine may also be explained' aocotdiue to another 
tIow; the pressure of tlio column of water in the upright tube, will cause the 
water to be projected in jelB- from the openings at the ends of the araiB in 
opposite directions ; nheo the recoil, or reaclJoo of these jets upon the ex- 
tremities of tlio cross-tubcf^ gives a rotary motion to the whole machine upon 
ita vertical axis. 

DeMTihe tii8 '^''^ Tourblna wheel derives iO motion, like the Baikerli 
txmitrucXoTi mill, froin tbo action of the pressure of a column of wal«r. 
th^ Tmrlino ^' «>nai8l8 of a flie^ horizontal cylinder, A B, Fig. 149, in 
WbwL the center of which the water enters from an upright tube <ir 

cylinder, ccrrcsponding in position 
*"'»■ 1*3- to the upright cylinder of a Bart- 

er's mill. The water descend- 
ing in tbe tube diverges &om tlie 
center in every direction, through 
curved water-channels, or com- 
partmeuls, A and B, fbrmed in the 
horiiontal cylinder, and escapes A 
the circumference. Around the 
I fixed horizontal cylinder, a hori- 
zontal wlieel, D, in the form of s 
ring or circle, is fitted, witb its rim 
formed intfl compartments exactly 
similar to the compartments of the 
fixed cylinder, with the exception 
that their sides curve iu on oppo- 
site direction. The water issuing 
from the guide-curves A B, strikes against the curved compartments of tlie 
wheel C B, and causes it to revolve. The wheel, by attachments beneath the 
fixed cylinder A B, is connected witli a sliall, E, which passes up through tbe 
fixed and upright cylinder, and by which molioo is imparted to macliinery. 

The Tourbine wheel may bo used 10 advantage with a lall 
Jffid^ncr 'of of water of any heieht, and will utilise more of tho force of 
(hs ToupblM ilie moving power than any other wlieel — amounting, in sora 
'" " instances, as at the cotton factories at Lowell, Mass., to up 

ward of 95 per cent, of the whole force ol the water. 

Tb II poMibie 3S6. It may appear strange to tliose unacquainted with the 
.to comtpuM B action of hydraulic engines, that so much of tlio power exist- 
irhlth"illrtn. 'ig 'n tho agent we use for producing motion, ns running 
der th« whnia water, should be lost, amounting in the undershot wheel to 
■Bi"' " 5B per cent of the whole power. This Is due paHJally to tho 
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friction of the water against the surfaces upon which it flows, and to the fric* 
tion of the wheel which receives the force of the current Force is also lost 
by clianging the direction of the water in ordei*to convey it to the machinerj- ; 
in the sudden change of velocity which the water undergoes when it first 
strikes the wheels ; and more than all, from the fact that a considerable amount 
of force is left imemployed in the water wliich escapes with a greater or less 
velocity from every variety of wheel It may be considered as practically 
impossible to construct any form of water-engine which will utilize the whole 
force of a current of water. 

357 Water, although one of the most abundant substances in nature, and 
a universal necessity of life, is not always found in the location in which it is 
desirable to use it. Mechanical arrangements, therefore, adapted to raise 
water from a lower to a higher level, have been among the earliest inventions 
of every coxmtry; 

What were ^58. The application of the lever, in the 
M^Sifor form of the old-fashioned well-sweep (still 
nidng water? ^g^^j jj^ uj^^jy parts of this country, and 

throughout Eastern Asia), of the pulley and rope, and 
the wheel and axle in the form of the windlass, were un- 
doubtedly the earliest mechanical contrivances for raising 
water. 

D hft th "^^^ screw of Archimedes, invented by the philosopher 

Archimedes whose name it bears, is a contrivance for raising water, of 
'^'^' great antiquity. 
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This machine, represented in Fig. 
150, consists of a tube wound in a 
spiral form about a solid cylinder, A 
B, which is made to revolve by turn- 
ing the handle H. This cylinder is 
placed at a certain inclination, with 
its lower extremity resting in the 
water. As the cylinder is made to 
revolve, the end of the tube dips into 
the water, and a certain portion er- 
ters the orifice a. By continuing 
the revolution of the cylinder, the 
water flows down a series of mclined 
planes, or to the under side of the 
tube, aud if the inclination of the 

Mbe be not too great, the water will finally flow out at the upper orifice into 

A proper receptacle. 
Tlie following diagram. Fig. 151, representing the curved tube in two 

opposite positions, will illustrate the action of the Archime4es screw. Suppose 

a marble dropped into. the tube at O) fig. 1, : if it ^^ kept stationary in the 
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Fis. 16L tabs tmtil it was tonied half roond, aa in tba 

positkiD, Bg. 2, the iDart>la would be at a'; aow, 
if M liberty io move, it would roll down to b'; 
but this eOect, Ttbidi we have sapposed accooi- 
pllafaed all at once, la really, gradually perfonned, 
and a rolls down towtu:d b' b; the gradual tant- 
« ing of tbe tube, and Teacbes b' as hood aa tb« 
■crew cornea into the poeitioo marked in fig. 2 ; 
ODOtlier half turn <^ Uie screw would bring it 
into ita Brat poeitkiD, and the marble would 
gtardnall]' roll forward to c 

wh«.-.. ih. ^*^- The common sucWon-pump is a later diacovety than tha 
screw of ArchiuKdes, and is supposed to bave been invented 
by Cteaibius, an Athenian eoginter who lived at Alexandris, 
in Egypt, about the middle of Ihe second century before the Cbrisdan era.* 

ix«ribe tb. ^^°- ^''*' '^''«'''-P'"°P Fio. 162. 

mnnrnMlooof conaisCa of a tube, orcyl- 
tlieebilii-pqiiip. i^jg^^ ((,g jQjpgj part of 
which is inmiersed in a well or reser- 
Toir, and the upper part entera ihe bot- 
tom of a datem into nhich the water is 
to be raised. An endless chain is car- 
ried round a wheel at the top, and is 
furnished at equal distances with flat 
discs, or plates, Rbich fit tightly in the 
tube, Aa the wheel revolves, they sue- 
cesravely enter the tube, and carry the 
water up before Ihem, which is dis- 
charged into the cistern at the top of the 
tnlw. The machine may be set in mo- 
tion by a crank attached to tba upper 

Fig. 152 represents the ron'truetiOQ 
and arrangement of the chain pump 

In what rttiis "^^^ '^''"" Pliip '^i" 

Dana Ib . Uili act with its greater ( f 
KMrSlv'^Sedt """^ ''*^®° *® cihndcr 
in which the platei and 
chain move, can be placed in an mthned 
position, instead of vertically It is used 
fienerally on board of ships and in sit 
uatJODS where the heifi^t through which 
the water is to be elevated la not very greit, as iii t l s where the founda- 
tions of docks, etc., are to be drained. 
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This machine is not, however, uaed exclusively for raising 
water. Its application, in principle, may be seen in any grist- 
mill, where it conveys the flour discharged from the stones, 
to an upper part of the building, where it is bolted. Dredg- 
ing machines for elevating mud from the bottom of rivers, are 
also constmcted on the same principle. 

whaiisaaHr- 861. The Hydbaulic Ram is a machine 
*~*^ ^^' constructed to raise water by taking advan tage 
of the impulse, or momeDtum, of a current of water sud- 
deoly stopped in its course, and made to act in another 
direction. 

The simpleBt construction of the hydraulic ram is repre- 
sented in Fig. 163, and its operation is as follows : — At the 
end of a pipe» B, connected with a spring, or reservoir. A, 
somewhat elevated, from which a supply of water is derived, 
isayalv^ B, of sodi weight as just to (all when the water is quiet, or still, 

within the pipe ; this pipe is com 
nected with an aii*-chamber, D, 
from which the main pipe, F, leads ; 
this air-chamber is provided with 
a valve opening upward, as shown 
in the cut. Suppose now, the 
water being still within the tube 
the valve E to open by its own 
weight; immediately the stream 
begins to run, and the water flow- 
ing through B soon acquires a 
momentum, or force, sufiBcient to 
raise the valve £ up against its seat The water, being thus suddenly ar- 
rested in its passage, would by its momentum bui-st tlio pipe, were it not for 
the other valve in the air-chamber, D, which is pressed upward, and allows 
the water to escape into the air-chamber, D. The air contained in the 
chamber D is condensed by the sudden influx of the water, but imraediatoly 
reacting bj means of its elasticity, forces a portion of the water up into the 
tab3 F. 

As soon as the water in the pipe B is brought to a state of rest^ the valve 
of the air^diamber doses, and the valve £ falls down or opens ; again the 
stream commences running, and soon acquires sufficient force to shut the 
valve E ; a new portion is then, by the momentum of the stream, urged into 
the air-diamber and up the pipe F ; and by a continuance of this action, 
water will be continually elevated in the pipe F. 

Fig. 154 represents a more-improved construction of the ram, in which by 
the use of two air-chambers, C and F, the force of tho machine is greatly in« 
creased.' A represents the main pipe, B the valve from whence the water 
escapes^ G the pipe in which it is elevated. 
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As this machine produces a kind of intermittiBg molum fh>a Uw aUtom 
flux ttnd reflux of ths Btream, accompanied with a noise arteiiig^hm the shot 
itsaotioQ baa been compared to the bnttltigof aram; andheiiae the name 
the machiae. 

It wiU be seen ftnm thtse detaila, that a veiy inai^iflcant preaang cotai 
of water, runuii^ in the eupplj pipe, m capable of fbrcisg a atream of wa 
to a very great height, bo that a sufficient &11 of water may be obtained hi i 
raoniiig brooic, by damming np its upper end to produce a renervoir, and ti 
ovrjing the pipe down the chaDnci of thi^ stream until a auEBdent &]] 
obtained. A considerable length of deaccndlag pipe is derarabla to insure 
KtioD of the stream, otherwise the water, instead of entering the air-Tea 
ni^ be ttumra iMtk, when the v^re ia doaed, Into the reserrw. 



CHAPTER X. 

PNEUMATIC& 

What is the 362. Pneumatics is that department of 
Sj^tics? physical science which treats of the motion 
and pressure of air,* and other aeriform, or 
gaseous substances. 

Into what two ^^^' Aerifonu, or gaseous bodies, may be 
^bJ^Lbi divided into two classes, viz., the permanent 
Sde?' ^ ^" g^^s, or those which under all ordinary cir- 
cumstances of temperature and pressure are 
always in the gaseous state, as common air ; and the va- 
pors, which may readily be condensed by pressure, or the 
diminution of temperature, into liquids, as steam, or the 
vapor of water. 

364. Atmospheric air is taken as the tj'pe, or representative, of all perma- 
nent gases, and steam as the type of all vapors, because these substances pos- 
sess the general properties of gases and vapors in the utmost perfection. 

What is the 365. The atmosphere is a thin, transparent 

•tmoBphere? fluid, or aerfform substance, surrounding the 
earth to a considerable height above its surface, and which 
by its peculiar constitution supports and nourishes all 
forms of animal or vegetable life. 

* Atmospheric air is composed of oxygen and nitrogen mixed together in the proportion 
•f seventy-nine parts of nitrogen and twenty-one of oxygen, or about four-fifths nitrogen 
to one-fifth oxygen. These two gases existing in t)ie atmosphere are not chemically com-> 
Wned with each other, but merely mixed. 

Beside these two ingredients there is always in the air, at all places, carbonic acid gas 
and watery vapor, in variable proportions, and sometimes also the odoriferous matter of 
fliTtrers, and other volatile substances. 

The air in all regions of the earth, and at all elevations, never varies in compositior, so 
fax as regards the proportions of oxygen and nitrogen which it contains, no matter whether 
it le collected on the top of hi;;h mountains, over marshes, or over deserts. 

li is a >ronderful principle, or law of nature, that when two gases of different weights, 
or specific gravities, are mixed together, they can not remain separate, as fluids of differ- 
ent densities do, bat diffuse themselves uniformly throughout the whole space which both 
occupy. It is, therefore, by this law that a vapor, arising by its own elasticity from a 
volatile substance, is caused to extend its influence and mingle with the surrounding at- 
mosphere, until its effects become so enfeebled by dilution as to be imperceptible to the 
senses. Thus we are enabled to enjoy and perceive at a dUtance the odor of a flower- 
carden, or a perfbme which has been exposed in an apartmoi^^ 



164 WELLS'S NATURAL PHILOBOPHT. 

The atmosphere is not, as is generally regarded, invisiblBi 

phere%l^er^ When seen through a great extent, as when we look upward 

in the sky on a dear day, the vault appears of an azure, or 

deep blue color. Distant mountains also appear blua In both these instanceB 

the color is due to the great mass of air through which we direct our vision. 

.„^ , , The reason that we do not observe this color in a small quan- 
Why does not * 

a mnaUqnanti- tity of air is, that the portion of colored light reflected to tbe 
Sbu'cotor?** eye by a Umited quantity is insufficient to produce ihe reqi* 
ite sensation upon the eye, and in this way excite in the mini 
c perception of the color. Almost all slightly traiisparent bodies are exash 
pies of thi» fact 

If a glass tube of small bore be filled with sherry wine, or vdne of a wd^ 
lar color, and looked at through the tube, it wOl be found to have all the 
appearance of water, and be colorless. If viewed tnm above, downward, ia 
the direction of its length, it will be found to possess its original cdor. In 
the first instance, there can be no doubt that the wine has the same color 
as the liquid of which it originally formed a part ; but in the case of small 
quantities, the color is transmitted to the eye so famtly, as to be inadequate to 
produce perception. For the same reason, the great mass of the ooeu 
appears green, while a small quantity of the same water contained in a fjlM 
is perfectly colorless. 

Does air pes- 366. Air, in common with other material 

SUti^? *quait. substances, possesses all the essential quaK- 

ties of matter? ^j^g of matter, as impenetrability, ii\ertia, and 
weight. 

367. The impenctrabiUty of air may be shown by takinga 
proofs of the hollow vessel, as a glass tumbler, and immersing it in water 

hnpenetrabUi- ^[^^^ j^g mouth downward ; it will be found that the water 
ty 01 airr ' 

will not fill the tumbler. If a cork is placed upon the water 

under the mouth of the tumbler, it will bo seen that as the tumbler is preaA 

down, the air in it will depress the surface of the water on which the coA 

floats. The diving-bell is constructed on the same principle. 

3G8. The inertia of the air is shown by the resistance which 
What are 

proofs of the it opposes to the motion of a body passing through it Thas, 

inertia of air ? if we open an umbrella^ and endeavor to carry it rapidly with 

the concave side forward, a considerable force will be required to overcome 

the resistance it encounters. A bird could not fly in a space devoid of air, 

even if it could exist without respiration, since it is the inertia, or resistance 

of the particles of the atmosphere to the beating of the wings, which enables 

it to rise. The wings of birds are larger, in proportion to their bodies, than 

the fins of fishes, because the fluid on which they act is less dense, and has 

proportionally less inertia, than the water upon which the flns of fishes act 

To what ex- 369. Air is highly conipressible and perfectly 

tent is air ploafi/* 
eomprenible? ciasiic. 

By these two quahties air and all other gaseous substanoee 
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TO i>aTticttlarlj disdngnished from Uquids, which resist compression, and pos- 
ess but a small degree of elasticity. lUustratioos of the compressibility of air 
fe most familiar. A quantity of air contained in a bladder, or India-rubber 
tag, may be easily forced by the pressure of the hand, to occupy less space. 
?here is, indeed, no theoretical limit to the compression of air, for with every 
dditional degpree of force, an additional degree of compression may be obtained. 

The elasticity, or expansibility of air, also manifests itself 
isBB any con- in an unlimited degree. Air cannot be said to have any 
^t sUe or original size or volume, for it always strives to occupy a 

larger space. 
T^tarenioB- When a part of the air inclosed in any vessel is withdrawn, 
ipaneibility that which remains, expanding by its elastic property, always 
' ^' fills the dimensions of the ressol as completely as before. If 

one tenths were withdrawn, the remaining one tenth would occupy the same 
vpax» that the whole did formerly. 

Tbis tendency of air to occupy a larger space, or in other words, to increase 
ta volume, causes it when confined in a vessel, to continually press against 
he inner surface. If no corresponding pressure acts from the outer sur&ce, 
he air will burst it, ninless the vessel is of considerable strength. This fact may 
le shown by the experiment of placing a bladder partially ^llod with air be- 
leath the receiver of an air-pump, and by exhausting the air in the receiver 
he pressure of tlie external air upon the outer surface of the bladder is re- 
noved. The elasticity of the air contained in the bladder being then unre- 
Bsted by any external pressure', will dilate the bladder to its fifilest extent, 
uid oftentimes burst it. 

^ 369. Air, as well as all other gases and va- 

pors, possesses weight. 

. The weight of air may be shown by first weighing a suitable vessel filled 
%Hh air ; then exhausting the air from it by means of an air-pump, and weigh- 
ipg agiun. The difference between the two weights will be the weight of the 
#r contained in the vessel 
The weight of 100 cubic inches of air is about 31 grains. 

To what is the ^'^^- ^^^ elasticity, or expansion of air is due 
iKfeT **' *^ *^® peculiar action of the molecular forces 
among its particles, which manifest themselves 
in a very different manner from what they do in solid and 
liquid bodies. 

In solid bodies, these forces hold the molecules, or particles together so 
closely, that they can not change their respective positions ; they also hold 
together the particles of liquid bodies, but to such a limited extent only, as to 
enable the particles to move upon eac*h other with perfect freedom. But in 
gases, or aeriform substances, the molecular forces act repulsively, and give to the 
particles a tendency to move away from each other; and this to so great an ex- 
tent, that nothing but external impediments can hinder their further expanaioik 
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__^ Umlta ^* qusstion, tberefote^ naturally occura in this oonnectioi^ 
tlHmtnHMphera Til.: ITairoxpanda unlimiledlf, wben iuireetrii.-ted, why does 
Id UiB suth f j,g^ gm- atmospliere leave the eartb and diffuse itsolf tlirough- 
ont ipnce indeflniloly ! I'liia it would do were it not for the action of gravi- 
tatioo. Tlio partidca of air, it inuHt be reniomliered^ poesesa wuigbt, uid by 
gmvity arc attracted ton'snl tlii! center oTllioeftrtll. Tliis tendency ofgravity Co 
coodi'Dse the nir apoa the earth's Buriace, is opposed by the mutual repukiiim 
misting bctweon the particles of air. Tlicsa two forces counterbalanoo eadi 
Clier: tbc atmosphere will tlicrcforo expand, that is, its parddes will separata 
torn oDo aaotlicr, uatilllic repulsive force is diminisbed to sucli an oitcnt as Ca 
render it equal to the woight of the particl{«, or what is the same thing, to 
the ibrce of the attraction of gravitation, when no further eipanaioo can lake 
place. We may therefore conceive the particles of air at the upper euriace of 
the atmosphere restii^ ia equilibnum, under the inSuence of two oppoeits 
forces, viz^ tbeir own weight, tending to cany them downward, and Uk 
mutual repulsion of the particles, which constitutes the elasticity of air, tend. 
ing to drive tliem upward. 

whmtia.rcg. 371. The density of the air, or the quaatitj 
S5''?f'tt«^M^ contained in a given bulk, decreases with the 
mMjihEMf attitude, or ht-ight above the surface of the 
earth. 

Ttiis is owing to the diminished pressure of the b\t, and Fio. 165. 

the decreasing force of gravity. Those portions directly 
incumlient upon the cartii are moat dons?, hecause they 1>ear 
the weight of the superincumbent purtiooa; tliua, tbe liay 
at the lower part of the stack l)oars the weight of that 
alwve, and is therefore more compiict and dense. (See Fig. 
165.) Tliis idea may be conveyed by the gradual sliading 
of the figure, wliicli indicates the gradual diminution in the 
denatyof the atmosphere in proportion to lis altitude. 
■When <a sir 372. Air \s Said to be rarefied 
fled! ™"' when it is caused to *^spand and occupy i 
greater space. 

Genera]ly, when we speali of raref 
a greater degree, or is tiunaer, tlian 

373. The great law govemmg the compressibiHty of air, which is known 
ftom its diacoveifflr as "Mariotte'a Law," may bo slated as follows: 
Whit b M». '^^^ volume of space which air occupies is in- 
riouo'i L.irf versely as the pressure upon it. 

If the oompreariog force be doubled, the air which is compressed will 
ooonpy one half of the space: if the compressing force be increased in athrae- 
" 1, it will occupy one third the space; if fouiCoW, one ftrarili Um 
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What rdation 
ezlrta between 
the oompreMri- 
baitj of air 
and itBelastio- 
Itjraoddensltff 



The relatioii between the oomi^esaibility of air, and its elastidly and dena* 
itj, alao obeys a oertain law which maj thus be expressed : — 

374. The density and elasticity of air are 
directly as the force of compression. 

This relation is clearly exhibited by the following table : — 

With the same amount of air, occupying the space of 

1 1 1 1 1 I 1 

•*•» 2) 31 4 1 3i JSy T"«iJ»i 

the elasticity and density will be 1, 2, 3, 4, 5, G, 100. 
*-. . „ Hence by compressing air into a very small space, by meant 

of a proper apparatus, wo can increase its elastic force to such 
an extent as to apply it for the production of very powerful 
effects. The-well-known toy, the pop-gun, is an example of 
tbe application of this power. The space A of a hohow cylinder, Fig. 156, is 
mdoseft by the stopper, p, at one end, and by the end of the rod, S, at the 
other end. This rod being pushed further into the cylinder, the air contained 
in the space, A, is compressed until its elastic force becomes so great as to 
drive out the stopper, p, at the other end of the cylinder with great force, 



iMtntioiia of 
theeUitieforoe 
if air? 



FlQ. 156. 




Fig. 157. 



Pnftt and 0- 
iHlnta the 
hnoOUriotte. 



iooompanied with a report The air-gun is constructed and operated on a 
■milar principle. 

375. The laws of Mariotte may be 

illustrated and proved by the following 

experiment : let A B C D be a long, 
tabe^ open at its longer extremity, and fur- 
nohed with a stop-cock at the shorter. Tlie stop-cock 
being open so as to allow free communication with 
the air, a quantity of mercury is poured into the 
open end. Tho surfaces of the mercury will, of course, 
stand at the same level, B F, in both legs of the 
tobe, and will both sustain the weight of a col- 
umn of air reaching from E and F to the top of 
fho atmosphere. If we now dose the stop-cock, D, 
the effect of the weight of the whole atmosphere 
above that point is cut offj so that the surface, F, can 
sustain no pressure arising from tho weight of tho 
atmosphere. Still, the level of the mercury in both 
legs of the tube remains tho same, because the elas- 
ticity of the air inctoeed in F D is precisely equal, and 
■afftdeat to bftiflnoft the weight of the whole columi^ 
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of atmosphere pressing upon the surface, E. If this were not ttie eaie^ arY 
thero wero no air in F D, then the weight of the atiiioq)here pressiiig npoi 
the surfaco E would force the mercury, £ B C F, up into the space^ F D. Tbt 
elasticity of air is, thtre/orej direcUy proportwnaJU io the foree^ or compresnMf 
exerted upon it. 

It is evident that the pressure exerted upon the surface, E, Fig. 157, wblt- 
over may be its amount, is that of a column of air reaching from £ to the top 
of the atmosphere, or, as we express it, the weight of one atmosphera Tho 
amount of tliis pressure, accurately determined, is equal to the wc^t,or 
pressure, which a column of mercury 30 inches high would exert on ti» 
same surface. If then, we pour into the tabe^ A E, F^. 157, as modi 
mercury as will raise the surface in the leg A B 30 inches above tin 
surface of the mercury in the leg D G. we shall have a pressure on tiie 
surface of E equal to two atmospheres; and since liquids transmit premfi 
equally in all directions, the same pressure will be exerted on the air incbiiM 
in the leg D F. This will reduce it in volume one hal^ or compress it iato 
half the space, and the mercury will rise in the leg D F fix>m F to F'. lUi 
weight of two atmospheres reduces a given quantity of air into one halfli 
volume. In the same manner, if mercury be again poured into the tabe A 
E until the surface of the column in A E is 60 inches above the level of tin 
mercury in D F, then the air in D F will be compressed into one tlurd of iti 
original volume. In the same manner it could be shown, by continuing then 
experiments, that the diminution of the volume of air will always be in tlie 
exact proportion of the increase of the compressing force, and its vohime cii 
also l>e increased in exact proportion to the diminution of the compresang i 
force. In fact tliis law has been verified by actual experiment, until the flf ■ 
has bcQu condensed 27 times and raretied 112 times. 

Air has been allowed to expand into more than 2,000 times its bulk, tfid ' 
it would have expanded still more if greater space had been allowed, iif 
has also been compressed into less than a thousandth of its usual bulk, so il 
to become denser than water. In tliis state it still preserved its gaseous fiw 
and condition. 

.376. The fact that air possesses weight, and conseqaently 
of air known exerts pressure, was not known until about two hundred yens 

cients*?^ *°" ^^' '^^^^ ancient philosophers recognized the fact, that «r 
was a substance, or a material thing, and they also notieed 
that when a solid, or a liquid, was removed, that the air rushed in and filled 
up the space that had been thus deserted. But when called to give • 
reason for this phenomenon, they said " that nature abhorred an emptf 
space," or a " vacuum," and therefore filled it up with aur, or some liquid, (f 
solid body. 

-wTiat i^ a 377. A vacuum is a space devoid of matter; 

vacuum? ^ general, we mean by a vacuum a space de- 
void of air. 

Ko perfbct vacuum can be produced artificially ; but confined spaces esn 
be deprived of air sufficiently for all experimental and practical parpofl* 



PNEUMATICS. 169 

We do not know, moreoYer, that anj ▼acuum exists in nature, although there 
is no conclusive evidenoe that the spaces between the planets are filled with 
any material substance. 

If we dip a pail into a pond, and fill it with water, a hole (or Tacuum) is 
made in the pond as big as the pail ; but the moment the pail is drawn out, 
the hole is filled up by the water around it In the same manner air rushes 
ID, or rather is pressed in by its weight, to fill up an empty space. 
J, . When we place ono end of a straw, or tube in the mouth, 

water liae in » and the Other end in a liquid, we can cause the liquid to rise 
*»▼ by Buc- jj^ ^jjQ gtra^^ ^r ^^\yQ ^y sucking it up, as it is called. We^ 

however, do no such thing ; we merely draw into tlio mouth 

the portion of air confined in the tube, and the pressure of the external air 

which is exerted on the sur&ce of the liquid into which the tube dips, being 

no longer balanced by the elasticity of the air in the tube, forces the liquid up 

into the mouth. I^ however, the straw were gradually increased in leng^ 

we should find that above a certain length we sliould not be able to raise 

water into the mouth at all, no matter how small the tube might bo in diam* 

cter; or, in other words, if we made the tube 34 feet long, wo should find 

that no power of suction, even by the most powerful machinery instead of 

the mouth, could raise the water to that height Tho water rises in the com- 

non pump in the same way tliat it docs in the straw ; but not above a height 

cf 33 or 34 feet above tho level of the reservoir. 

g ^ 378. The reason why water thus rises in a straw, or pump, 

•teentof water remained a mystery until explained and demonstrated by Tor- 
S)a*fiJrt^ c*!^ ricelli, a pupil of GalUeo. It is clear that the water is sus- 
Viaioedandde- talned in the tube by some force, and Torricelli ai^cd tliat 
'*""*'**®* * whatever it might be, the weight of the column of water sus- 
tained must be the measure of the power thus manifested ; consequently, if 
■wther liquid be used, heavier or lighter, bulk for bulk, than water, Vien the 
same force must sustain a lesser or greater column of such liquid. By using a 
anich heavier liquid, the column sustained would necessarily be much shorter, 
and the experiment in every way more manageable. 

Torricelli verified his conclusions in the following manner: — Ho selected 
for his experiment mercury, the heaviest known liquid. As this is 13^ 
times heavier than water, bulk for bulk, it followed that if the force imputed 
tQ a vacuum could sustain 33 feet of water, it would necessarily sustain 
l^ times less, or about 30 inches of mercury. Torricelli therefore made the 
follovving experiment, which has since become memorable in tho history of 
cdence : — 

He procured a glass tnbe (Fig. 158) more than 30 inches long, open at one 
end, and closed at the other. Filling this tube with mercury, and applying 
his finger to the open end, so as to prevent its escape, he inverted it, plung- 
ing tho end into mercury contained in a cistern. On removing the finger, he 
observed that the mercury in the tube fell, but did not fiill altogether into the 
^m; it only subsided until its surface was at a height of about 30 inches 
ihore tin sftrtanco of the mercury in the cistern. The result was what Tor- 

8 
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rloeOi expected, and he moo 
percraved tin true caaae of the 
pbonomeDOn. The weiglil of 
the trtmoBpbera acting upon 
the suifico of the mercury in 
•he veoel, aopportB the liquid 
iu the tubc^ tliia last being 
protected from the presanre oC 
file atDtoBphere by tbe closed 
and of tbe tabe. 

319. The fact 
How « the ..... , 

eouiltuloii of that the col- 
Ton*:^ f^- nmn of mer- 

EU17 m thr u 
lobe vss mEtained by the 
ptesBore of the attnoepher^ 
was ftirther verified by an ex- 
periment made by PamoI ia 
France. He argued, tliat if 
the csDse which aoataiDed Ibe 
colaina in the tube was the 
weight of tbe atmosphere act> 
hig on the external EnWaee of 
the mercuij in tho cistern, 
tben, if tho tube waa trans- 
ported to the tc^ of a high 
moantain, where a less quan- 
tity of atmosphere was above 

it, the prcBsure would bo less, 

and the langtb of tlie column less. The expariraent waa tried by can 
tiie tube to tbe top of a mouutain in the interior of France, aod con 
□□ting the height of the column during tiie usoent. It waa noticed tha 
beight of the colaoin gnLdually diminiabed aa the elevation to which 
iostramont waa carried increased. 

The moat Mmple way of proving lliat tbe column of mercury contmni 
-the tube, as in Fig. 158, is only balaocod against ttio equal we^it of a to 
of lur, Is to take a tube of sufficient length, and haviog tied over one e 
bladder, to fill it up with roercury, and iuvert it in a cup of the same li( 
tbe mercury will now stand at tho height of about 30 inches; bnt if w 
needle we make a bote in tbe bladder closing tbe top of tbo tube, tlio 
cnry in the tube immcdialely falls to tlio level of That in the cup. 

These esperimGDta by Torric^Hi IpJ to ilio invention c 
eiperlment of Barometer, it was noticed that a column of mercurj 
TortecUl lg*d tjined ia a tuba by tlio pressure of tlio atmosphere, tho 
ttmorOMB^ bdng kept in a fixed position, as in Fig. 1&9, fluctuated 
■■MMtwT . -da^-to ^, iritbiu certain small Umita. This efleot 
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\^J^ 



utmSy attributed to tbe nrUtion in the weight or pres- 
sure of llie inciimbeiit MnMsphere, arising from vDrious mi>- 
teoraloipcal cause?. 

Tims, when the air ia minst or flllad with vapors, it is ligiitcr 
than utaai, and the coliinm of merc<uy Etanda low in tlio 
tube; but wiien tlio air jsdry and Ihw from vapor, it is hearier, 
and supports ■ kmger column of mercurj. 

So long as llio vapor of water eiists in (ho 
icanf aeiKMpbcrc, ss a constituenl part of it, it con- 
L^ tribut^B to tbo otniospheric preBBure, and thus 
.moi- k portion of the ndunrn of mercury in ttic ba- 
^'** romcter tubo k Bustuned by the weiglit of tbo 
vapor I but wben the vapor is condensed, and 
1 a viaibte fonn, at clouda, etc;, then it do longer 
ibmu a constituent part of the atmosphere, any more tlian du!>t, 
EQDke, or a b.illooo floating in it does, and the atmospheric 
ptemre being diminished, the mercury in the tube folia. In 
. say Uie barometer, by ihowing variations in tbo weight 
bo air, indicates also ilio cbai^jea in the weather. 

380. The space above the mercury in the 
barometer tube, A D, Tig. 159, is ctillod the 
Jbrric^ian vncuUTn, and is the nrare 
vacuum that can be procured by art 
lower end deeper in tlio mercuiy, tbo 
M»mea completely filled ; the fluid again 
filling gpon elevating tbo tube, it is therefore a per- 
bel racnum, with the exception cf a small portion 
"T mercurial vapor. 

381. Barometen are constructed in very different 
fcnni — the principle remaining the same, of course, in 
■U. The Qrat barometer roostnieled waa aimply a lube 
doaeU at one enil, Oiled with mercurr, and inverted 
ins vessel conloiniag mercury, as in F^. 169. 
^^ , . A voiy common form of bnrometer, 

muinieUoiior called the " Whcet'Saromeler," con- 
immaiirf °'" siats of a glass tube, bent at the bot- 
tom, and filled with mercury. (See 
Kg. 160.) The column of mercury in the long arm 
rflhe tubo is sustained by the pressure of the atmos- 
pliero upon the surfeco of the mercury in Iho shorttr 
Mm, tlie end of which is open. A small float of iron 
w ^OBS resta upon the mercury in the aliorter arm of 
tlie tube, and is suspended by a slender thread, which 
il poised round a wheel carrying an iudes, or pointer. 
■ij tbe level of tlie meroury is altered by a variation 
«f tha pt— M> of ttM Mnotphere, the flint rcatiiig 



nngni with 
le tube I> 



approach to a perfect 

for upon presEiog the 

Fig, ICO. 
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upon thQ open iur&ce, U raised 

tube, Tnoving t)ie index over a dial-plate, upon whid) 

(lia various cliaoges of tlie wentlier are lettered. 

Fig. IfiO reprcsenta ttio internBl Btnicture of tlw 
wheel-barometer, and Fi;. 161 its external appear- 
ence, or casiag, ivith a tliermonieter attached, 
n ritini ih ■* ^'^'y curious barometer, caBed 

Aneroid Ba- the "Arieroiii BarorrKler," haa been 
ronieWr. invented and brought into uae within 

the last n>w jcara. Fig. 162 reapresenta its ap- 
pearaocs and construction. Ila action is dependent 
Bn (be eSbct prodaoed by atmospheric pressure on a 
metal box, &om 
wMch the lur 
has been ex- 
hausted. In the 
interior oT the 





terior of ths bo£ being deprived of air, t)io atmospheric pressure npon 
eiteroal surfaces of tlie metal sides is very great, and aa the pressure tbt 
these surfaces will be elevated and depressed lo a slight degree. This mal 
is communicated to die spring in the inleriiw, and from thence to the poin 
which, moving upon the dial, tlius indicates llie changes in the wealher, 
the variation io the pressure of the atmosphere. 

Whni »r th Water, or some other liquid than mercury, mi^ be used 

peculiarities nf filling the tube Of a barometer. But aa water is 13j tii 
rwieiert' lighter than mercury, the height of the column in the wal 

barometer supported b}' atmospheric pressure, will lie 13j- tir 
greater than that of mercury, or about 34 feet high ; and a change wli 
would produce a variation of a tcntli of an inch in a column of mercury, w5 
produce a variation of an inch and a third in the column of water,. 1 
water-barometer is rarely used, for various rensons, one of which is, tha 
barometer 34 feet high la oawieldy and difficult U 
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882. The ordinaiy use of the barometer on land as a weather 
of the iodiccttor is extremely limited and uncertain. It has been 
3terasa already stated that the weight of 100 cubic inches of air is 
about 30 grains. To obtain this result, it is necesFaiy that the 
ejiperimeut should be performed at the level of tlie sen, and it 
requisite that the temperature of the air should be about 60<> Fahrcn- 
thermometer, and that the height of the column of mcicury in the ba- 
)r tube should be 30 inchea As these conditions vary, the weight, or 
re of the atmosphere, and consequently the height of the mercury In 
rometer tube must also vary. Especially will the height of the mer^ 
column vary with every change in the position of the instrument as 
3 its elevation above the level of the sea. A barometer at the base of 
tower- will be higher at the same moment than one at the top of the 
and consequently two such barometers would indicate different com- 
mges in the weather, though alM9olutely situated in the same place. No 
; judgment, therefore, can be formed relative to the density of the at* 
ere as affectmg the state of the weather, without reference to the situ- 
if the instrument at the time of making the observation. Consequently, 
sntion ought to ba paid to the words ^^fair^ rairij changeable^^^ etc., fre* 
Y engraved on the plate of a barometer, as they will be found no cer- 
dication of the correspondence between the heights marked, and the 
)f the weather. 

The barometer, however, may be generally relied on for 
he ba- furnishing an indication of tlie state of the weather to this ex- 
rbere- tent; — ^that a &11 of the mercury in the tube shows the ap- 
changefl proach of foul weather, or a storm; while a rise indicates 
reattierf ^^^ approach of fair weather. 

sea, the indications of the barometer respecting the weather, are gener- 
msidered, from various circumstances, more reliable than on land : the 
hurricanes which frequent the tropics, are almost always mdicatcd, some 
>efore the storm occurs, by a rapid fall of the mercury. 

383. If a barometer be taken to a point elevated above the 
DftT tne 
jter be surface of the earth, the mercury in the tube will fall ; because 

' ^*^e ^ ^® ascend above the level of the sea, the pressure of the 

of atmosphere becomes less and less. In this way the barometer 

^°'' maybe used to determine the heights of mountains, and tables 

3een prepared showing the decrees of elevation corresponding to the 

it of depression in the column of mercury. 

J, ^^„ 384. The absolute height to which the at- 
''ItmS?* inosphere extends above the surface of the 
earth is not certainly known. There are good 
ms- however, for believing that its height does not 
ed fifty miles. 

3 envelope of air b about as thick, in proportion to the whole ft\nh^ as 
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the liquid layer adherinfl^ to an (mtnge after it haa been dipped in wf^, i| 
to the entire mass of the orange. Of the whole bulk of the atmosphere, th» 
zone, or layer which surrounds the earth to the height of nearly 2 3-4 mikfl 
from its sur£ice, is supposed to contain one half. The remaining half being 
relieved of all superincumbent pressure, expands into another zone, or bdl; 
of unknown thickness. Fig. 1G3 will convoy an idea of the proportion which 
Uio highest mountains bear to the curvature of the cartli, and the tiiiduics 
of the atmosphere. The concentric lines divide the atmosphere into six lajen^. 
containing equal quantities of air, showing the great compreflnon of the lower 
layers by the weight of those above them. ; 



EiO. 163. 




HIMALATAB. 



▲HDE8. 



How is the 
presRure of 
aeriform sub- 
stances exert- 
ed? 



What ch 'W'ater is about 840 times the weight of air, taken bulk fcr 

compuratirc bulk, and the weight of the whole atmosphere enveloping oor 
weight of the globe has been estimated to be equal to the weight of a globe 
of lead sixty miles in diameter. 
If the whole air were condensed, so as to occupy no more space than the 
same weight of water, it would extend above the earth to an elevatioo of 
tliirty-four feet. 

385. All aeriform, or gaseous substaDces, 
like liquids, transmit pressure in every direc-. 
tion equally ; therefore, the atmosphere presses 
upward, downward, laterally, and obliquely, 
with the same force. 

38G. The amount of pressure which the at- 
mosphere exerts at the level of the ocean is 
equal to a force of 15 pounds for every squaw, 
inch of surface. 

The surface of a human body, of average size, meaBures 
about 2,000 square inches. Such a body, therefore, silstaiiJ 
a pressure from the atmosphere amounting to 30,000 poaD<lS| 
or about 15 tons. 

The reason we are not crushed beneath so enormous a load, 

is because the atmosphere presses equally in all direction^ 

the atmosphere? ^"^ ^^^ bodies are filled with liquids capable of sustainii* 

pressure, or with air of the same density as the external tt; 



Wliat is the 
aniouiit of 
pressure ex- 
erted by the 
atmosphere ? 



What pressure 
ii sustained 
by the human 
body .' 



Why are we 

not crushed by 
the pressure of 
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tl&e exfeernal preanre is met and ooantertMlaaoed by (be internal re* 

!iao, or aoimal were at onoe relieved of all atmospheric pressure, all 
k1 and fluids of the body woold be forced by expansion to the sorfiioe^ 
vessels woold borst 

Persons who ascend to the summits of very high mountain%v 
eed in or who rise to a great elevation in a balloon, have experienced 
^^f^^ the most intense suffering from a diminution of the atmos- 
pheric pressure. Theairoontainedin the vessels of the bodj( 
slieved in a degree of the external pressure^ expands, causing intense 
the eyes and ears^ and the minute veins of the body to swell and 
Travelers, in ascending the hig^ mountains of Sooth America, have 
the blood to gosh from the pores of the body, and the sldn in many 

crack and bdrst 

^ ^^ We become painfolly aenstUe of the eflbct of withdrawing 
of the external pressure of the atmosphere from a portion of the 
K^ skin of the body in the operation of cupping. This is eflfected 
bUowing manner : a vesael with an open mouth is connected with a 
ST apparatus for exhausting tlie air. The mouth of the vessel is ap- 
air-tight contact with the sldn ; and by working the pump a part of 
is withdrawn from the vessel, and consequently the skin within the 
3 relieved from its pressure. All other parts of the body being still 
3d to the atmosphenc pressure, and the elastic force of the fluids oon- 
n the body having an equal degree of tension, that part of the sldn 
3 thus relieved from the pressure swdls out, and will have the ap- 
;e of being sucked into the cupping«glas8. 

s lips be sailed to tlie back of the hand, and the breath drawn in so 
reduce a partial vacuum in the mouth, the skin will be drawn, or socked 
: from any force resident in the lips or the mouth drawing the sldn in, 
n the &ct that the usual external pressure of air is removed, and the 
e from within the skin is allowed to prevaiL 

^ The sense of oppression and lassitude experienced in sum- 

1 op- mer previous to a storm, is caused by v>r ira 
before ^^ diminished pressure of the atmosphere. ' 

The external air, in such instances, be- 
greatly rarefied by extreme heat and by the con- 
on of vapor, and the air inside us (seeking to 
) of the same rarity) produces an oppressive and 
ting feeling. 

387. The direct efiects of atmoepherio 
. sack- pressure may be illustrated by many 

practical experiments. If a piece of 
leather, called a sucker, Fig. 164, be placed in 
oncactwith any heavy body, such as a stone, or a 
if metal, it will adhere to it, and if a cord be at* 
to the leather, the stone, or metal, may be raised 
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by it The effect of the sucker anses from ^e exchision of the air between 
the leather and the surface of the stone. The weight of the atmosphere 
presses their surfaces together witli a force amounting to 15 pounds on every 
square inch of the surface of contact If the sucker could act with full 
effect, a disc an inch square would support a weiglit of 15 pounds; two 
square inches, 30 pounds, etc Tlio practical effect, however, of the sucker 
a much IcssL 

388. The power of flies and other small insects to walk on 
I iidpie are ceilingp, and surfaces presented downward, or upon smooth 
■ .^"J"*^^* P*°^ oif glass, in opposition to the gravity of their bodies, is 
coiling, «lo.T geuurally I'cfcred lo a sucker-like action of tlie palms of their 

lofU Uecent investigations have, however, proved, that the effect is rather 
due to the mechanical action of certain minute hairs growing upon the feet| 
which are tubular and excrete a sticky liquid. 

Rnuin th« 389. FoT the purpose of exbibitmg the effects produced by 

principle and the atmo^bere in different conditions, and for various practi- 
Ui(M^ha!iuSng ^^ purposes, instruments have been contrived by which air 
RjrliiKttandalr- may bo removed from tho interior of a vessel, or condenEed 
'*""*^ into a small spaco to any extent, within certain limits. Tho 

flrst of tlicse requirements- may be obtained by the use of the instruments 
known as the exhausting sjTinge and tho air-pump. 

Tho exhausting syringe consists of a hollow cylinder, generally YiQ, 165. 
of metal, U C, Fig. 1G5, very truly and smoothly bored upon the 
inside, and having a pistcm moving in it air-tight This cylinder 
I'onnnunicates by a screw and pipe at the bottom, with any vcs- 
M^lf gtMiorally called a receiver, from which it is desirable to with- 
draw Uie air. The piston has a valve at £, opening upward, 
and at tho bottom of the cylinder another valve precisely similar 
b plaiHH), whioJi also opens upward, shown at A. Suppose 
now tho piston to be at the bottom of the cylinder and the re- 
wiviT tt> bo in proper connection — ^upon raisinp the piston by 
the liundle, 1), a vacuum is made in the cylinder ; immediately 
tho ttir in tho receiver expand?, passes through the valve A at 
tbo bottom of tho cvliKder, and fills its interior ; upon depressing 
(he pi.<4toii, the valve K opening upward permits the air to pass 
tluougb, aud tho valve A at the bottom of the cylinder closing, . 

proveutaU from passing back into the receiver. Upon again ' ^ ' 
Tuiaing the piston, a ftirther portion of air expanding from the 
roouTer, emtors the interior of the syringe, and upon depressing the piston, 
puasea out.throogb its valve. It is evident that this operation may be con- 
tinued aa long as the air within the receiver has elasticity sufficient to force 
open the valvosi 

The prooMB of removing air from a vessel, ox receiver, by means of the ex- 
''^'T*'*^ syringe is slow and tedious, and more powerful instruments, known 
aa air^MUiip^ are generally employed for this purpose. The modem form 
oCooBiKnifllii^ the air*pvnp la repreaen Fig. 166. The principle of its 




rmuiuTios. 

ootutrnctioii Is the Mme m Fid. 1S6. 

that of the exhausting vy- 
riuge, the piaton being wotIc- 
«d by a lever or handle, aain 
thecommoD pump^ the valveg 
opening; anU clodiig wilh 
greikt aiaaty aai perfectian. 
— . , ,^ 381. When 

(niwartian of the denaitj 
*!t^V°^* of the air ia 
required to 
be incrcaaed, the coodeniiDg 
tjtiage, the converae <^ the 
exiiaoiting syringe, ii em- 
ployed. It cOD^la merely 
of an exhausting gyringe, or 
•irpiiiitl^ reversed, its Talve* 
bciDg go arrar^d aa to Ibroe 
uTJatoachamber, ingteadof 
(bairidg it out. For thtg 
porposa, the valves ppeu 
initard in Teepect to the inteTo" -rf the cyhnder, while 
ijrioge iknd ait-pump^ tbey open <">tvard. 
WuttaiTiBi. '^^- '^*' the air in tbe inside of 
fidmeniii vesselii 13 the force wliich (wsista and 

erohln^fo™ coiuiterbalances the grea'. pressure 
<f ihe •tmos' ctf the external atroMphero, may be 
" proved by Uierollowiug experiment; 

i strong gU>3B vessel. Fig. 161, is piovide^, open 
bolh at top and boUom, and having a, diameter of 
fcor or Ave inches. Upon one end is lied a bladder, 
Ki £g to be completely air-tight, while the other tad ii 
pUced upon th3 plate ot an air-pump. Upon exhaust- 
ing the air from beneath tlie bladder, It will be forced 
inward by the preaaure oT the air outside, and when the 
ethau9tion bas been carried to such an extent that the 
■rength of tbe bladder is less than this pressure, it will 
burst with a loud report. 

nmt 11 a» ^^^ ^° airpump was invented, in 
apcrlment of the year 165*, by Otto Guericke, a Qer- 
ntidi'fharaif """^ '""' "' " ^^"' public exhibition of 
its powers, mode in the presence of thi 
eaiptror of Germany, tbe celebrated experiment known 
u tlie " Magdeburg Hemispheres," was first shown. Tbe 
lUgdebucg HemigphOTes, 90 called from the city where 
" 'vo hollow hamiapttoiat of 
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tiTBM, Fig. 168, which Bt together air-light. By exhaiutiDK the air ta tbdr 
interior, bj means ut the air-pump, and a Blop-cack arrangement aEQxed to 
one of llie hcmiaplierca, it will be tuucd Ibat tliej can not be pulled apart 
without the ciertiou of a very great force, since tliey will be pressed to- 
gether with a force of 15 poundd lor every square inch of tlicir surface. 
In the Gxiiibition above ruferrL-d lo, given of lluise hemispheres by Guericke^ 
the aurfiKKS of a pair coDitructeil by bim were so largt^ that thirty horses, 
flftpen upon a sidc^ wero unable to pull tbcro iqiarL By admitting the air 
■gain to their interior, the Uagdeburg bemiapbercs fiill apart by their own 

Anotber interesting example d atmospderic prWiure i», 
to fill a wino-glasB, or tumbler with water to the brim, 
and, having placed a card over the mouth, tc 
cautiously. If the card be kept in a horizontal pccitlon, 
the water will be supported in the ghias by the pmHiro 
of the air og^nst the nr&ce of the pard. (See Fig. 169.) 

DoKrtb. th. ^^*- ^^ ^ '"<" """°^^' if "8 '«>'« • 
prindple and Jar, and baring HUed it with water, to- 
Sr^CSi^ ™" ■' '" ' reservoir or trough, aa is rep- 
resented m Fig. 170, 



110. 169. 



FiQ. 170. 



completely fiUed wltb water, the li- 
quid being sustained in it by the pres- 
sure of the atmoaphera upon tlie water 
in the vessel Sucb an arrangeneDt 
enables the chemist to collect and pre- 
serve the various gases witlioat adraii. 
turo with air; for if a pipe or tube 
tlirough uiiicU a gas is passing be 
depre.^a.'d beneath tlio mouth of the 
jar, so that cbo bubbles may rise into 
it, they nil) displace the water, nnd be 
colloctPd in the upper part of the jar, 
free of all admisturc. 

Tlje gaaomclers, or large cylindrical 
vessels in wbicb gas is collected in 
gds-worits for general distribution, are 
constructed mi this principle. Thoy 
consist. !\3 is shown in Fig. 171, of & 
brge cj^drioal i«Knroir aaspended with its mouth downward, and plunged 
in a dstern of watef of somewhat fn-eater diameter. A pipe which leads 
tram the gsviroikH is canied through the water, and turned upward, so as to 
enter the mouth of Uie gasometer. The gaa, flowing tbmiigli the pipe, rises 
into the gaanmeter. Oiling the upper pirt of it, and pr.-psm;; down the witer. 
.f notiier pipe, dcaconding from the gasometer through the water, is continued 
to the Bervico pipes, which supply the gas. Tlie gasometer is balanced by 
eooaM wSi^ npportad bj Ounaa, wbiofa [mm ovet puUaya, and }oat sud) 
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K pn^oadoniice is iLowik^. ;« It m ta sof&cieat to gin tiw gu coDtained ia 
it the compraHSimi neceawy to drive it tluougli the pipes to tbe remoteat p«rt 
oTthe diatikt to be illumiiuHecL 




385 A liquid will not flow continuously from a tight cask 
ri^ow" ikjw ****"" '' ''■'■*' '•®*'' ""PP** "I" plet'ced unioas anotlur operii^ 
[na ■ licbt 13 nude u a vent bole, in the u)i]>er pnrt of Iho cask The 
■^op^iwt' cask being air tight, with Uio cxce|rtion of a single tuning 
the auiCice of the liquid id the vessel will bo cxi.Iuded rrum 
Ibe atmo^henc pressure, and it can only How out in virtue of its on-n 
veiglit. But if the weight of tlte liquid be lees than llio force of the air press- 
ing upon tlio mouth of the opening^ tbe liquid can not flowfrum the cosk; the 
moment, however, that tbe air is enabled to act tbroagli the vent-hole io Iho 
upper part of the cask, the presaute below is countorbahinced, and the liquid 
dcaocnda anii runs freely through tho opening by its own weight,. . 

If the lid of a tea-pot or kettle bo air-tight, tho liquid will not flow freely 
fiom the spout, on account of the atmospheric prcsiure. This is remediod by 
luluQg g, email hole in the hd, wbicli allows thq ai 
The FnaumaUc Ink-stand, de- 
signed lo prevent the ink Ihim 
thickening, by theeicposureofa 

constructed upon the principles 
of atmospheric prcssun^ It coaslsls of a clow 
gkM vessel, rppresenled in FJ^. 172, from tlie 
bottom of which a short tube proccceiis, the 
duptii of wbifsli is sufQcieat Ibr the immersion 
U the pen. By fllliag the ink-stand in an inclined position, wo exolade tlia 



ir flt>m without 
FiO. 112. 



prtitdple 
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air in great part from the iDterior, and on replacing it in an upright positioo, 
the ink will be prevented from rising in the small tube and liowlug over, on 
account of the atmospheric pressure upon the exposed sui-fiice of the iuk io 
the small tube, which is much greater than the pressure of the column of 
liquid in the interior of the vesseL As the ink in tlie small tube is consumed 
by use, its surface will gradually fall; a small bubble of air will enter and 
rise to the top of the bottle, where it will exert an elastic pressure, wliicb 
causes the surface of the ink in the short tube to rise a little higlier, and this 
effect will bo repeated until all tiie ink m the bottle has been used. 

386. The peculiar gurgling noise produced when liquid ii 
bottfo ^gfi!^ie fr®®*)^ poured from a bottle, is produced by the pressure of tin 
when a liquid atmosphere forcing air into the mterior of the bottle. In the 
ly ^nt'onl?^' first instance, the neck of Uie bottle is filled with liquid, so « 

to stop the admission of au*. When a part has flowed oo^ 
and an empty space is formed within the bottle, the atmospheric -presaon 
forces in a bubble of air through the liquid m the neck, which by mshiDg 
suddenly into the interior of the bottle, produces the sound. The bottie will 
continue to gurgle so long as the neck continues to be choked with liquid. 
But as the contents of the bottle are discharged, the liquid, in flowing oat; 
only partially fills the neck ; and, while a stream passes out through the lower 
half of the neck, a stream of air passes in through the upper part. The flow 
beuig now continued and. uuiiitcrrupted, no sound takes place. 

387. Water, and most liquids expos3d to the air, absorb a 
^iuVater ?^^' greater or less quantity of it, which is maintained in them by 

the pressure of the atmosphere acting on their surfaces. 

Boiled water is Hat and insipid, because the agency of heat expels the air 

which the wator previo.isly contained. Fishes and other marine animals 

,^ald not live in water deprived of air. 

The presence of air in water may be shown by placing a 

presence of air tumbler containing this liquid under the receiver of an ai^ 

no "^^l^^ ^^ pump, and exhausting the air. The pressure of the air being 

removed from the surface of the water, minute bubbles will 

g^ake their appearance in the whole mass of the water, and rising to the si«^ 

lace, escape. 

,^^ ^ The reason that certain bottled liquors froth and spafkle 

Why do some * ^ 

oottled liquids when uncorked and poured mto an open vessel is, that when 
froth and spar- ^1,^^ j^p^ bottled, the air confined under the cork is condensedi 
and exerts upin the surface a pressure greater than that of 
the atmosphere. This has the edect of holdin:r, in combination with the 
Ji][uor, air or gas, which, under the atmospheric pressure only, would escape. 
If any air orgas rise from the liquor after being bottled, it causjs a still greater 
condensation, and an increased pressure above its surface. AVhen the corif 
is drawn from a bottle containing liquor of this kind, the air fixed in ibe 
liquid, being released from the pressure of tlie air whicli was condensed undfcf 
the cork, instantly makes its escape, and rising in bubbles, produces eff^rveS' 
cence and fh>th. 
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It sometimes happens that the united force of the air and gases thus con« 
fined in the bottle, becomes greater thaiytho cohesive strength of the parti- 
cles of matter composing the bottle ; the sides of the bottle in such cases give 
•way or burst 

Those liquors only froth which are visdd, glutinous, or thick, like ale, por- 
ter, etc.^ because they retain the Uttlo bubbles of air as tliey rise ; while a thin 
fiquor, like champagne, whkh sufterj the bubbles to escape readily, sparkles. 
- is th ^^^* '^^ pressure of the atmosphere is connected with the 

p-essareof the action of breathing. The air enters the lung^, not because 
cooiie^'with ^^^^^ draw it in, but by the weight of the atniopplicre forcing 
ttia act of it into the empty qraces formed by tlie expansion of the air- 
^"'^^^ cells of the lungs. The air in turn escapes from the lungs by 

means of its elasticity ; the lungs, bj muscular action, compress tlie air con- 
tiiued in tiiem, and give to it by compression a greater elasticity than the air 
iritlKRit . By this excess of elasticity it is propelled, and escapes by the 

Bonfliand nose. 

389. It has been proposed to take advantage of the pressure 
propMed con- ®^ *^® atmosphere for the construction of an atmospheric tole- 
Aroetionof the graph, or apparatus for conveying the mails and other matter 
telegSjS?*^ over great distances with great rapidity. Tho plan proposed 
isasfoUows; — a long metal tube is laid down, the interior 
BOrfaco of which is perfectly smooth and even. A piston is fitted to the tube 
in such a manner as to move freely in it and yet bo air-tight. To one Fide 
of this piston the matter to be moved, made up in the form of a cylindrical 
bondlc, is attadicd. A partial vacuum is then mada in tho tube before the 
piston, by means of largo air-pumps, worked by steam-power, located at tho 
fortiicr end of the tub?, when tlio pressure of tho atmosi)hcre on tho other 
ade of the piston impels it forward through tho wliolo length of the exhausted 
tobe. It has been estimated that a piston, drawiiig aAer it a considerable 
weiglit of matter, could in this way be forced througli a tubo at tho rato of 
600 miles per hour. 

390. The pressure of the atmosphere is taken advantage of in tho con- 
rtmction of a great variety of machines for raising water ; tho most important 
and familiar of which is the common, or suction pump. 

Describe the ^he comiiion, or suction pump, consists 

thT^mmon ^^ * HoUow Cylinder, or barrel, open at both 
pomp. ends, in which is worked a niovjible piston, 

.^hich fits the bore of the cylinder exactly, and is air-tight. 
The pump is further provided with two valves, one of 
which is placed in the piston, and moves with it, while 
the other is fixed in the lower part of the pump-barrel. 
These valves are tei*med boxes. 

Fig. 173 represents the construction of the common pump. The body con- 
*i^ of a cylinder, or barrel, &, the lower part of which, called the suction* 
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whf does 




p^ deacenda into tbe water which it ia dcBignad to ' Fu. 113. - 

tsise. Id llie barrel y/otka a [HSton containkig a vatn, 

p, opeoing upward. A similur valve, g, is fixed in tbe 

boaj of the pump, at the top of the suction-pipe. S la 

a spout fiwD which the water raised bj the workiug of 

the piston is discharged. 

Tlio operatkni oftlie pump in raising water ig aa fld- 
lowa; — when tbe pisti^a ia raised from the bottom of the 
cylinder, the lur above it is ilrawnup, leaving a vacuum 
below the i»atoD ; liio water in the well then rushea up 
yinnugh the Talve g, and fills the cylinder ; the piston ia 
then (breed down, shutting tbe valve, g, and cauaiiigtbe 
water to rise througli the piaton-valre, p ; (be piston ia 
tben raised, closing its valve, and raisiDg Hie wafaff 
abare it, which flows out of tlio apoul, S- 

391. Water rises in a pamp 
iM^n« Bimply aad entirely by the 
pressure of the atmosphere 
(15 pounds on every square inch), which 
pushes it up into the void, or vacaam left by the up- 
drawn piston, 

Towiiathnighi 392. The common, or suction pump, can 
il^'t'h^^m™ "O* '^•^ water beyond the point of height at 
pnmp? which the column of water in the pump tube 

is exactly balanced by the weight of the atmosphere. The 
utmost limit of thip does not exceed 34 feet. 

The heiglit to which water is thus forced up in a, pump is ainiplya question 
ofbalancc; 15 pounds' pressure of the s,t[nasplicre can support only 1 5 pouuda' 
ireigiit of water ; and a column of water, ono inch square and 34 feet high, 
will weigh 15 pounda As the pressure of tlio atmoaphoro is fubject to va- 
riations, and as tlio meohaniiim of the pump is never absolutely perfect, tlie 
length of the pipe tlirougli wliicli water ia to be elevated ought never la 
exceed in practice 30 feet above the level of the water in tbe well, or rescr- 

whit u s ^^^- -^ valve, in general, is a contrivance by 
vaivei which watcr or other fluid, flowing throngh a 
tube or aperture, is allowed free passagR in one direction, 
but is stopped in the other. Its structure is such, that, 
while the pressure of fluid on one side has a tendency to 
close it, the pressure on the other side has a tendency to 
x>pea it. 
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H^ 174, 116, and lis, npreaent ttia Tsiioiu taraa OC valm used In 
pumps, waler-ongines, eta 
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tti. Vben It Sa deetred b> raise vnter to a grvalVT height tlian 34 feel, a 

HdSeitiaD of Uie pump, oUled tlie rorclng-puoip, is employed. 

wbrt y , The Forcing-Pump is an appamtus which 

Kntar-FnivT paises water from » reservoir, on the principle of 

tbe saction-pump, and tlien, by the prcHSure of the piston 

VQlhe water, elevates it to any required heiglit. 

Fig. HI ropresenla Hie priucipie of ilio construction 
of the fbrcing-pURip. TIicim U no valve in (lie pio- 
ton (Fig. 177), but tlio water raised tlmmgh tlio suc- 
tion-pipe a, and the vatvo g, by the elevation of the 
[Hgton, ia forced bj each depression of ttio piston up 
through the pipes e, which is furnished witii a valve to 
prevent the return of the liquid. 

The liirciDg-pump, as eoustructed in Fig. 177, ejects 
the water only at each stroko of tlio pixlon. In the 
mannor of a syringe. When it is desired to mnkc ths 
floworthewaterconliQuoua Fio. 178. 

SB in a firCM^igine, an air, 
S chamber ]a added to tlie 
^ force-pump, as is represented 
r at A, Fig. 178. Tlie wi 
then, instead of iinmcditttoly 

pwnng otC Cliroagh tbe discharfnng-pip^, partinlly 

tU\i the air vessel, and by tbe action of the piston -. 

ID Uie pump, oompreBses tbe air contained in it 

The Blartidty of tbe air, thus compressed, being in- 

WdaMi,itrBacts upon the water, and forces its ascent 

Iri tbe dbjcliarge^ or force-pipe. When the air in the 

cbamber Li condensed into half ila original bulk, it 

*ill act upon the sitrlace of tlie water with double 

tlui atmospheric pressure, wliile the water in tUo 

force-pipe, being subject to only ono atmosplieric 

jiMMre, then wU) be an unrestricted force, prens- 
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ing the vrMfft upv equal to ono atmoi^here: oona^uently, a ocdumn of wi 
will bo sustained, or projected to a height of 34 ieet When the air is < 
doDsed into one third of its bulk, its clastic force will bo iucjreased thi 
fold, aud it will then jiot only counterbalance the ordinary atmosph 
pressure, but will force the water upward with a pressure equal to two 
mosphcrcfl, or G4 feet, and so on. The ordinary fire-engine is simply a cod 
nient arrangement of two forcing-pumps, furnished with a strong air-chaml 
and which are worked successively by the elevation and depression of 1 
1 jng levers called brakes. 

What b • 395. The Syphon is an apparatus by whi 
STphon? ^ liquid can be transferred from one vessel 
another without inverting, or otherwise disturbing t 
position of the vessel from which the liquid is to be i 
moved. 

In its simplest form, the syphon consists of a bent 
tube, ABC, Fig. 179, having one of its branches 
longer than the other. If wo immerse the short arm 
in a vessel of water, and by applying the mouth to 
the long arm, as at C, exhaust the air in the tube, 
the water will bo pressed over by atmospheric pres- 
sure, and continue to flow so long as the end of the 
lower arm is below the level of the water in the vessel 
u hat "^^^^ action of the syphon is readily 

principle does explained: the column of liquid in 
the syphon act? ^^^ YonsoT arm, and that reaching in 
the shorter arm from the top of the curve or bend to the surface of the lie 
in the vessel, have both a tendency to obey the attraction of gravity and 
out of the tube. This tendency is opposed, however, on both sides, 
atmospheric pressure, acting on one side at the opening C, and upon 
other upon the surface of the liquid in the vessel, thus preventing, in 
interior of the tube, the formation of a vacuum, which would take plac 
tha curve, if the two columns ran down on both sides. But the coli 
on one side being longer than upon the other, the weight of the ] 
column overbalances the short one, and determines the direction of 
flow; and in proportion as the liquid escapes from the long arm, a C 
portion is forced into the short arm on the other side by the pressure 
the air. The syphon is, therefore, kept full by the pressure of the atr 
phere, and kept running by the irregularity of the lengths of the column 
its branches. 

A suction-tube is sometimes attached to the syphon to make it more 
ful and efficient, as is represented in Fig. 180. By this means we maj 
the whole sjrphon without the liquid entering the mouth, by sucklnc 
the end of the suction-tube, and temporarily closing the end of the loi 
arm. 

In order that the diacharge of a liquid by means of tVve syphon thooli 




rasDXAtic& 



Bifectly ecuMtant, it Is nee- 
auj that tbe differeDce 

f lengths of the oolmntis oT 
iqaul ID both branches 
liould be immorable. 
nua may be effected by 
idiuKcliiig tbe HyphOD with 
ft tknt and pulley as la 
Spresealed in Tig 181 
bfUB tbt 
'''"""^"'"e menon of 




qnnga may be explamed 
qm the pnociple d the 
inbaa. These spiinga ma 

Wcgettier and after a Xtme 
nm Bgam, and then stop. 
If we aupposo a roserr 
n the iDlenor of a hdl i 
DoantaiD, with a syphon 
ho channel ranniDg Stom I^ as 
in % 1S2, then as so«i as tbe 
nter collecting in the imemHr 
tbea to the height shown I9 tbe 
imA line, the stream wiU be- 
i^ to flow, and coutinne flow- 
iig tai the reservoir is nearly 



tEmI long enough to fill tbe 
racTToir to the required heigh^ . 
it vill again flow, and so on. 

ten win a ^^- ^^ ^ Bolid Bubstance have the Batne 
JlJii^M"^ density as atmospheric air, it will, when im- 
^•^' mereed in air, lose its entire weight, and will 

emain suspended in it in any position in which it may 
« placed. 

rim win a ^^'^- If » Bo'W IwtJy, I'nlt for bulk, he lighter 
•idr'r" ^ thin atmospheric air, it is pressed upward hy 
the surrounding particius of air, and rises, tipon 
ke same principle as a cork rises from tbe bottom of a 
essel of water. (See § 85.) 
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As the density pf the air oontinaaUy diminirfies as «% 
wm^n*a*8^nd^ ascend fix)m the surface of the earth, it is evident that such" 
ing body re- a body, as it goes np, will finally attain a heighc where the air 
main sutioD- \^-^y j^^^^ ^^^ ^^^ density as itself and at such a point the 

body will remain stationary. Upon this principle douds, at 
diflferent times, float at different degrees of elevation. 

It Is also upon these principles that aerostation, or the art of navigating the 
^ir, depends. ' 

What are Bai- 398. BallooDs are machiaes which asceni 

loons? through the atmosphere, and float at a certaia ; 
height, in virtue of being filled with a gas or air lighter '. 
than the same bulk of atmospheric air. ■ ] 

„^ , ,^ Balloons are of two kinds. Moktgolfisb. 

What are the ^ 

two rarieties or rarefied air balloons, and Htdbogbn oai 
balloons. The first are filled with commoif 
air rarefied by heat, and thus made lighter than the 
surrounding atmosphere ; while the second are filled 
with hydrogen, a gas about fourteen times lighter thae , 
air. 

D scrib th "^^ rarefied air-balloon was invented by Montgolfier, » 

Montgoifier, or French gentleman, in 1782, who first filled a paper bag wrtb 
rarefied air bai- heated air, and allowed it to pass up a chimney. He afkerl 
ward constructed balloons of silk, of a splierical shape, wiih 
an aperture formed in the lower surface. Beneath this opening a light wire 
basket was suspended, containing burning material The hot air arising from 
the burning substances, enters the aperture, and rendering the balloon spedfio> 
ally lighter than the air, causes it to ascend with considerable velocity. 
Small balloons of a similar character are frequently made at the present day 
of paper, the air within them being rarefied by means of a sponge soaked in 
alcohol, suspended by a wire beneath the mouth, and ignited. 
Describe the '^^^^ hydrogen gas balloon consists of a light silken bag, 
hydrogen gas filled either with hydrogen, or common illuminating gas. The 
baUoon. difference between the speciiic weight of either of these gases 

and common air is so great, that a large balloon filled with them possesses 
ascensional power suflBeient to rise to great heights, carrying with it consid* 
erable additional weight. The aeronaut can descend by allowing the gas » 
escape by means of a valve, thereby diminishing the bulk of the balloon. To 
enable him to rise again, ballast is provided, generally consisting of bags of 
sand, ly throwing out which, the balloon is Hghtened, and aocordlngif 
rises. 

By means of one of these machines Gay Lussac, an eminent French chem- 
ist, ascended in 1804, for th& purpose of making meteorological obsenratioiA 
tn the great height of 23,000 feet 
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i>D the laws of 399. Air obeys the laws of motion which 
motion apply ^^^q commoa to all other material and ponder- 
able subfiitaDces. 
Howisthemo- ^00. The momentum of air, or the amount 
SkilLted^?*^ of force which it is capable of exerting upon 
bodies opposed to it, is estimated in the same 
%ay as in the case of solids^ viz., by multiplying its weight 
ty its velocity. 

Vhttareffl b- "^^ momentum of air is usefully employed as a mechanioai 
tntioDs of the agent in imparting motion to wind-mills and to sliips. Its 
Mientam of jjjqq^ striking effects are seen in the force of wind, which oc- 
casionally, in hurricanes and tornadoes, acts with fearful 
power, prostrating trees and buildings. Such results are. caused by the mo- 
iDGBtam of the air being gpreater than the force by which a building, or a tree 
Ji&Btened to the earth. 

y-^^ 401. Any force acting suddenly upon the air from a center, 

the rings of imparts to it a rotary movement. A \'^ry beautiful illustra- 
S**ta^ ****1S^' ^^°" of this is seen in the rings of smoke which are produced 
VBdinthe dia- by the mouth of a skilfiil tobacco-smoker, and frequently also 
charge of can- ^p^^^ ^ much larger scale by tlie discharge of cannon, on t, 

still day. In these cases a portion 
•rf air acted upon suddenly from a center is caused *"* *° • 

to rotate, and the particles of smoke render the mo- <"r?*T^'^lir^l^'^ 
tion visible. The whole circumference of each Cf^ ^^^ 

circle is in a state of rapid rotation, as is shown by vCQ^^T^'i'^^^^' 
the arrows in Fig. 183. The rapid rotation in vA/> 

Aort, confines the smoke within the narrow limits of a circle, and causes the 
inigs to be well defined. 

PRACTICAL PROBLEMS IN PNEUMATICS. 

1. If 100 cnbfc inches of air weigh 31 grains, what will be the weight of one cubic foot ? 

2. If the pressure of the atmosphere be 16 pounds upon a square inch, what pressure 
^the body of an animal sustain, whose superficial surface is forty square feet ? 

3 Wbsn the efermtfon ot the mercury in the barometer is 2S inches, what will be tho 
It^t of a eoiuiim of water supported by the pressure of the atmosphere ? 

fiWuffon; Column of mercury supported by the atmosphere — 2S inches. Mercury 
^1'; 13^ times heavier than water, the column of water supported by the atmosphere — 
13i>«28=31 feet. 

4 When the eleration of tbe mercury in the barometer ii 30 inches, what will be tha 
iidght of a column of water supported by the atmosphere ? 

& To what height may water be raised by a common pump, at a place where the ba- 
fometer stan da at 24 inches ? 

6 If a cubic indi of air weighs .30 of a grain, what weight of air will a vessel whoa« 
^^Vnfity is 00 eabie inches, contain ? 



CHAPTER XL 

ACOUSTICa 

402. Acoustics is that department of nhyg. 

What ia the . 1 . i • i . « , ^ . 

science of ical sciencc which treats oi the Datnre, phfi? 
^ nomena, and laws of sound. It also includes 

the theory of musical concord or harmony. 
«,^ . « . . 403. Sound is the sensation produced on th« 

WhatUSound? /. i . ^ ^ , , , , 

organs ot heanng, when any sudden shock or 
impulse, causing vibrations, is given to the air, or any 
other body, which is in contact, directly or indirectly, wid 
the ear. 

Under what cir- 404. Whcu au clastic body is disturbed at 
XatSrymove- ^^Y poiot, its particlcs cxecutc a series of vi* 
menta arise y bratory movements, and gradually return to a 
position of rest. 

TliU3 when a glass tumbler is struck by a hard body, a tremulous agitatioii 
is transmitted to its entire mass, which movement gradually diminishes in 
force until it finally ceases. Such movements in matter are termed vibra- 
tions, and when communicated to the ear produce a sensation of sound. 

The nature of these vibratory movements may be illustrated by noticing 
the visible'motions which occur on striking or twitching a tightly extended 
cord, or wire. Suppose such a cord, repre- 
sented bv the central Hue in Fig. 184 to be 
forcibly drawn out to A, and let go; it 
would immediately recover its original posi- 
tion by virtue of its elasticity ; but when it 
reached the central point, it would have ac- 
quired so much momentum as would cause 
it to pa.ss onward to a ; thence it would vi- 
brate back in tiie same manner to B, and back again to b. the ^tent of iti 
vibration being gradually diminished by the resistance of the air, so that it 
would at length return to a state of rest. 

Describe the ^^ vibratory movements of this khid all the separate par- 
nature of a sta- ticks come into motion at the same time, simultaneously pass 
tionary vlbra- ' ^ f 

tlon, the point of equilibrium, or rest, simultaneously reach thfl 

maximum of their vibration, and simultaneously begin their retrograde mo- 
tion. Such vibrations are therefore called stationary, or fixed vibrationsL 
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Htnr may the 
■Mmd-Tibra- 
tk>Tis ia solid 
bodies be ren- 
dered visible ? 



SeMnibA th ^ however, the motions of the vibrating, body are of such a 

Bature of a char&cter that tbe agitatiou proceeds from one particle to an- 

progressivo n- otiier, 80 that each makes the same vibration, or oscillation, 

as the preceding one, i\ ith the solo exception of the motion 

begmning later, we have what is called progressive vibrations. Thus U* wo 

(listen a cord at one end, and move the other end up and down, a wave, or 

progiessive vibration, is produced. 

As the clearest conception can bo formed of vibrations by comparing thorn 
to th3 waves produced by throwing a stone into smooth water, the term ul- 
iohtory, or wave movement, has been adopted in general to express thi 
phenomena of vibrations. 

405. Daily experience teaches us that ahnost every motion of bodies in our 
Tidnity is accompanied by a noise perceptible to our ears. All such sounds 
•re the result of the vibrations of a portion of matter, and the nature of the tone, 
or sound, depends only on the manner in which these vibrations originate. 

406. Sound-vibrations in solid bodies may bo rendered vis- 
ible by many simple contrivances. Jf we attach a ball by 
means of a string to a bell, and strike tiie bell, the ball will 
vibrate so long as the bell continues to sound. When a bell 
is sounding, also, the tremulous motion of its particles may be 
perceived by gently touching it with the finger. If the finger is [)ressed 
firmly against the bell, the sound is stopped, becauso the vibrations are in- 
terrupted. When sounds are produced by drawing the wet finger around the 
edge of a glass containing water, waves will be seen undulating from the sides 
toward tlie center of the glass. 

When a tuning-fork is struck and made to sound, its vibrations Fig. 1S5. 
•re clearly visible, both branches alternately approaching and re- 
rccsding from each other, as is represented in Fig. 185. 

If we strike a tuning-fork, and then touch the surface of mercury 
with one of its extremities, the surface of the mercury will exhibit 
little undulations or waves. 

Ho th ■'^^ ™^' interesting method of exhibiting the 

•o-eaiied ocous- character of sound is by means of the so-called 
dSeJd?'^ P""®" "acoustic figures," which may be produced in the 
following manner : — Sprinkle some fine sand over a 
square or round piece of thin glass or metal, and holding the plato 
fimily by m3ans of a pair of pincers, draw a violin bow down the edge ; llie 
sand is put in motion, and finally arranges itself along thos? parts of tho surface 

whicii have the least vi- 
FlO. 186. bra tory motion. By chang- 

ing the point by which 
the plate is held, or by 
varyinp:the parts to which 
the violin bow is applied, 
the sand may be made to 
iBnme varioot intererting figures, as ia represented in Fig. 186. 
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What to th« ^^* '^^^ ^® *^® usnal meditim through which 
nsuai mediam Bound 18 convcycd to the cai. The vibrating 
■oandispropa- body imparts to the air in contact with it an 
undulatory, or wave-like movement, wbich| 
propagating itself in every direction, reaches the ear, and 
produces the sensation of sound. 

What are son- 408. Vibrating bodies which are capable of 
•Tons bodies? ^jj^g imparting undulations to the air, aw 

termed sounding, or sonorous bodies. 

The aerial vibrations, or undulations thus caused, propagate themsdves , 
from the center of disturbance in concentric circles, in the same way that' j 
waves spread out upon the smooth surface of water. If such waves of water, 
propagated from a center, encounter any obstruction, as a floating body, liief 
will bend their course round the sides of the obstacle, and spread out oblique^ 
beyond it So the undulations of air, if interrupted in their progress by ft 
liigh wall or other sioSilar impediment, will be continued over its summit and 
propagated on the opposite side of it. 

In a sound-wave or undulation of the air, as in a wave of water, there ift ; 
no permanent change of place among the particles, but simply an agitation, - 
or tremor, communicating from one particle to another, so that each partide^ 
like a pendulum which has been made to oscillate, recovers at length its 
original position. 

This motion may be best illustrated by comparing it to the motion pro- 
duced by the wind in a field of grain. The grassy waves travel visibly over 
the field in the direction in which the wind blows ; but this appearance of 
an object moving is only delusive. The only real motion is that of the heads 
of the grain, each of which goes and returns as the stalk stoops or recovers 
itself This motion affects successively a line of ears in the direction of the 
wind, and affects simultaneously all the ears of which the elevation or de- 
pression forms one visible wave. The elevations and depressions are propa- 
gated in a constant du'ection, while the parts with which the space is filled 
only vibrate to and fro. Of exactly such a nature is the propagation of sound 
through air. 

Under what ^^^' ^^ °^ substancc intervenes between the 
Bho*ilid*wrbe '^i^r^ti'^g ^odj and the organs of hearing, no 
unable to hear scnsation of sound cau be produced. 

a sound 7 ^ 

This is readily proved by placing a bell, rung by the action 

of clock-work, beneath the receiver of an air-pump, and exhausting the air. 
No sound will then be heard, althoufrh the striking of the tongue upon the 
bell, and the vibration of the bell itself, are visible. Now, if a little air be 
admitted into the receiver, a faint sound will begin to be heard, and this 
Bound will become gradually louder in proportion as the air is gradually read- 
mitted, until the air within tiio reoeiver is in the same condition ag that witbooi 
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( Sound, tberelbie, eaimot be propagated througti a TacnanL 

"The loudest sound on earth, therefore, caoDot penetrate bevond the 
limits of our atmosphere; and in the same manner, not the faintest sound 
can reach our earth from any of the other planets. Thus the most fearful 
fsfilosions might take place in the moon, without our hearing anything of 
tbem." 

Hw does the ^l^' The powei of air to transmit sound 
KlT*fa*°aif ^^"^ ^th its uniformity, its density, and its 
*^' humidity. 

Whatever tends to agitate or disturb the condition of the atmosphere, aflects 
tbe transmission of sounds. When a strong wind blows from tile hearer to- 
vard a sounding body, a sound often ceases to be heard which would bo 
•odible in a calm. Falling rain, or snow, interferes with the undulations of 
aoond-waves, and obstructs the transmission of sound. 

The fact that we hear sounds with greater distinctness by 
JS iioandB nigbt than by day, may be, in part, accounted for by the cir- 
wfeffisdnctlj cumstance, that the dififcrent layers or strata of the atmosphere 
^di^ are less liable to variations in density and to currents, caused 

by changes of temperature, at pight than by day. The air at 
night is also more still, fix>m the suspension of business and hum of men. 
Hany sounds become perceptible during the night, which during the day are 
eompletely stifled, before they readi the ear, by the din and discordant noises 
€f labor, business, and pleasure. 

• Sound of any kind is transmitted to a greater distance in cold and clear 
weather than in warm weather, the density of air being increased by cold 
ind diminshed by heat 

On the top of high mountains, where the air is greatly raro- 

i»£*«»I! ?# fied, the sound of the human voice can bo heard for a short 
■vnuons of ^ 

Ihi Tarutaon distance only ; and on the top of Mont Blanc, the explosion 
^^■ound in ^ ^ pistol appears no louder than that of a small cracker. 
When persons descend to any considerable deptii in a diving- 
ben, the air around them is compressed by the weight of a considerable column 
pf water above them. In such circumstances, a whL«(per is almost as loud as a 
i^t in the open air; and when one speaks with ordinary force it produces 
tti effect so loud as to be painful. 

i« air neces- 411. Air is not neccssary to the production 
J!3ad£n*rf of sound, although most sounds are transmitted 
■onndf j^y jjg vibrations. Sound can be produced un- 

der water, and all bodies are more or less fitted, not only 
to product, but also to transmit sounds. 
Whttsubsten- 412. Sound is communicated more rapidly 
^eommui^ and more distinctly through solid bodies than 
M readily f through either liquids or gases. It is trans- 
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mitted by water near four times more rapidly than by air, 
and by solids about twice as rapidly as by water. 

If wo striko two stones toother under water, tbo sound will bo as loud as 
If they bad b?en struck in tiio air. 

When a stick is hold between the teeth at one extremity, and the othfer is 
placed in contact witli a table, the scratch of a pin on the table may be heard 
with great distinctness, though both ears bo stopped. 

The earth often conducts sound, so as to render it seosiblo to tho car, whea 
the air fails to do so. It is well known that tlie approach of a troop of hofE^ 
can be heard at a distance by putting tho car to tho ground, and savages 
practice this method of ascertainmg the approach of persons from a great dis* 
tance. 

The principle that solids transmit sounds more perfectly than air, has been 
applied to tho construction of an instrument called the " stethoscope." 

Tho stethoscope consists of a hollow cylinder of wood, some- 
stethoscope, what resembling in form a small trumpet The wide mooth 

is applied firmly to the breast, and the otlier is held to the ear ] 
of tho medical examiner, who is thus enabled to hear distinctly the action of I 
the organs of rcspu'ation, and judge whether they aro in a healthy condition, 
or tho reverse. 

How i» the in- ^l^. Sound dccreascs in intensity from the 
iffcct?d**by**diX^ center where it originates, according to the 
**nco^ same law by which the attraction of gravita^ 

tion varies, viz., inversely as the square of the distance. 
That is to say, at double the distance it is .only one fourth 
part as strong ; at three times the distance, one ninth, and 
60 on. 

This law applies with its full force only when no opposing currents of air, 
or other obstacles, interfere with the wave movements, or undulations. By 
confining the sound undulations in tubes, which prevent their spreading, the 
force of sound diminishes much less rapidly. It will, therefore, under such 
circumstances, extend to much greater distances. This principle is taken ad- 
vantage of in the construction of speaking-trumpets. 

Sounds can generally be heard, especially on a calm day, at 
h^!?nnm)rT"il- ^ PT^eatcr distance upon water than upon land. The plane 
tinctiy upon surfiico of watcr, as a smooth wall, prevents the lateral spread- 
lanj ? nig ana dispersion of the Foima-wnves, although on onl}'- ona 

side. The air over water, owing to the presence of moist- 
ure, is also generally more dense, and the density more uniform than 
over tho land. Water, in addition, is a better conductor of sound than 
the earth. 

The transmission of sound from one apartment to another may bo prevented 
by filHng up the spaces between the partition walls v;\\X\ sV\av*ing8, or any 
porous Bubstancea Hie nmnb^ of media ♦^'"n^fh -vrbkii \.\ic ^und mxiat 
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pan is thus greatly increased, and eveiy change of mediam diminishes the 
8treo^ of sound-waves. 

^ , 414 The velocity of the sound undulations 

enutheveioc- is uDifonu, pafisiofi: OYor eoual intervals in 
equal times. 

The softest whisper, therefore, flies as fast as the loudest thunder. 

wuhirhatve- ^15. Souuds of cverj kind travel, when the 
Mdte^? temperature is at 62** Fahrenheit's thermom- 
eter, at a rate of 1,120 feet per second, or 
about IS miles per minute, or 765 miles per hour. The 
Velocity of sound increases or diminishes at l;he rate of 13 
iocbes for every variation of a degree in temperature above 
« below the temperature of 62"* Fahrenheit. 

WkTdowesee When a gfun is fired at some distance, we see the flash a 
flii iiMh of a considerable time before we hear tlie report, for the reason 
tfaermortr ^^^ ^^^ travels much fitster than souDd. Light would go 
round the earth 480 times while sound was traveling 13 miles. 
A knowledge of these circumstances is taken advantage of for the measure- 
ment of distances. 

Hov may a Thus, suppose a flash of lightning to bo perceived, and on 
Se vdodfre of co^Miti'^g *^© seconds that elapse before the thunder is heard, 
nnnd be ap- we find Hiem to amount to 20; then as sound moves 1,120 
iMMreme^ feet in a second, it will follow tliat the thunder-cloud must be 
¥muKeBf distant 1,120X20 ==22,400 feet 

When a long column of soldiers are marching to a measure beaten on the 
dnuns which precede them, we may observe an undulatory motion transmit- 
ted from the drummers through the whole column, those in the rear stepping 
s little later than those which precede them. The reason of tliis is, that each 
nnk steps, not when the sound is actually made, but when in its progress 
down the column at the rate of 1,120 feet in a second of time, it reaches their 
Mii Those who are near the music hear it first, wliilo those at the end of 
the column must wait until it has traveled to their ears at the above rate. 
Explain the 416. If two waves of water, advancing from opposite direo- 

flteiSS'"* ^^ tions, meet in such a way that their points of elevation coin- 
^Boirad. cide, a wave of double the height of the single one will be 

formed at the point of interception ; or if two wave depressions "on the sur- 
^ of water meet, a depression of double depth will bo produced. I^ how- 
ler, the two waves come into contact in such a manner that an elevation of 
^ne wave coincides with the depression of another, both will be destroyed. 
Such a result is termed an interference of waves. In the same manner when 
^0 series of sound undulations, propagated from diSerent sounding bodies, 
^tersect each other, a like phenomena of interference is produced — ^the two 
Ondolationfl destroy each otiier, and silence is produceld. 

9 
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I^G. 187. Let a b and c d^ Fig. 187, represent two se- 

rieB of sound undulations, advancing in sudi 
a manner as to cause the elevation of one at e 
to correspond with the depression of the other 
1 1 at /; then if both are equal in intensitf, thej 
will neutralize each other, and an instant of si- 
lence will be produced. This fact maj be veiy 
prettily illustrated by holding a common tuning- 
fork, after it has been put in vibration, over the 
mouth of a cylindrical glass vessel, as A, Fig. 188. The air contained within 
Fig. 188. ^^® vessel will assume sonorous vibrations, and s 

tone will be produced. If now a second glass 
cylinder be held in the position B, at right angles 
to A, the musical tone previously heard will cease; 
but if either cylinder be removed, the sound will 
bo renewed again in the other. In this curious 
experiment, the silence arises from t&e interference 
of the two sounda 
Another example of this phenomena may be 
produced by the tuning-fork alone. If this instrument, after being put into vi- 
bration, be held at a great distance from the ear, and slowly turned round its 
axis, a position of the two branches will be found at which the sound will 
become inaudible. This position will correspond to the points of interference 
of the two systems of undulations propagated from the two branches, or 
prongs of the fork. 

uponwhatdocs 417. The loudiiess of a sound, or its degree 
^^^^nui^dl of intensity, depends on the force with which 
P«°^^ the vibrations of a sounding body are made. 



SECTION I. 



MUSICAL SOUNDS. 



418. All vibrations of sonorous bodies which 
are uniform, regular, and suflSciently rapid, 

produce agreeable, or musical sounds. 

419. What constitutes the particular differ- 
ence between a noise and a musical sound is 
not certainly known. A noise, however, is 

supposed to be occasioned by impulses communicated ir- 
regularly to the ear ; but in a musical sound the vibra- 
tions of the sonorous body, and consequently the undula- 
tions of the air, must be all exactly similar in duration 



What are mn 
■ical sounds ? 



What is the dif- 
ference hotw^een 
a musical sound 
and a noise? 
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and intensity^ and must recur after exactly equal inter- 
vals of time. 

mat is meant 420. If the Bouud impulscs be repeated at 
5iBh*S»imd'f ^^U short intervals, the ear is unable to at- 
tend to them individually, but hears them as 
a continued sound, which is uniform, or has what is called 
atone or pitch, if the impulses be similar and at equal 
intervals. 

-_^ . 421. The nature of musical sounds, and indeed of all sounds, 

meQtilliuftnttefl may be illustrated by the following experiment : If we take 

^fJtod '^ ^ndf * *^ elastic plate of metal, a few inches in length, firmly 

fixed at one end, and fi*ee at the other, and cause it to 

Tibrate, it will be found to emit a clear, musical sound, having a certain 

tone. 

If the plate be gradually lengthened, it yields tones, or notes, of different 

diaiacters, until finally the vibrations become so slow that the eye can follow 

them without difficulty, and all sound ceases. 

__ . 422. When the impulses, or vibrations, are few in number 

Whcnisatone . . ,.u f ■ -a ^ x. i ^i 

grave or Bhupf m a given time, the tone is said to be grave ; when they are 

many, the tone is said to be sharp. Musical sounds are spoken 
of as notes, or as high and low. Of two notes, the higher is that which arises 
from more rapid, and the lower fix)m slower vibrations. 

Beside this, sounds differ in their quality. The same musical note, pro* 
daced with the same degree of loudness, and by the same number of vibra- 
tions in the flute, the clarionet, the piano, and the human voice, is in each 
instance peculiar and wholly diflferent. Why this is we are unable to say. 
The French call this property, by which one sound is distinguished from an- 
other, the timbre, 

, To produce any sound whatever it is necessary that a cer* 

limit to the tain number of vibrations should bo made in a certain time. 
Dombcr of vi- jf ^jj^ number produced in a second falls below a certain rate, 
*te to produce no sound sensation will be made upon the ear. It is believed 

that the ear can distinguish a sound caused by fifteen vibra- 
tions in a second, and can also continue to hear though the number reaches 
4 .000 per second. Trained and sensitive ears are said to be able to exceed 
these limits. 

When are two 423. Two musical notes are said to be in 
£°i^n?****" '^^ison when the vibrations which cause them 

are performed in equal times. 
Wbat is an 424. When one note makes twice the number 

of vibrations in a given time that another makes, 
it ig gaid to be its octave. The relation, or interval which 
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exists between two sounds, is the proportion betweec 
tbeir respective numbers of vibrations. 
What if a ^^^* A combination of .harmonious sounds 

thord, etc.? jg termed a musical chord; a succession of har- 
monious notes^ a melody; and a succession of chords^ har- 
mony. 

A melody can be performed, or executed by a single voice; a harmonf* 
requires two or more voices at the same time. 

Define concord 426. Wheu two toues, or notcs, sounded to- 
and discord. gethcr producc an agreeable effect on the ear, 
their combination is called a musical concord ; when the 
effect is disagreeable, it is called a discord. 

Explain what '*^'' ^"PP^^^ ^® ^^^® * stretched string, as a wire or a 
is meant bjr the piece of catgut, such as is used for stringed instruments: now 
of musia"***^ the number of vibrations which such a cord will make in a 
given time, are inversely as its length ; that is, if the whole 
cord makes a given number of vibrations in one second, as 100, on shortening 
it one half it will make twice as many, or 200, and this will yield a note ex- 
actly an octave higher tlian the former one. If we reduce its length three* 
fourths, it will make four times as many vibrations as at first, and yield a 
note two octaves higher. 

Suppose the stretched string, or wire, to be 32 inches in length. When 
this is struck it will vibrate a certain number of times in a second, and give 
what is called a key-note. Reduce the string one half, and we have the oc- 
tave of that note. But between the key-note and its octave there is' a natu- 
ral gradation by intervals in the pitch of the tone, which heard in succession 
are harmonious, the octave, as its name implies, being the eighth pitch of 
tone, or eighth successive note ascending from the key-note. 

These eight notes, or intervals in the pitch of tone between the key-note 
and its octave, constitute what is called the gamut, or diatonic scale of music, 
because they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced by vibrations twice as rapid. 
These several notes are distinguished both by letters and names. They are: 

C, D, E, F, G, A, B, C; 
Or — do, re, me, fa, sol, la, si, do. 

_ ^ They may also be distinguished by numbers indicating the 

notea of the length of the strings and the number of vibrations required 
scale indicated? ^ produce them. Thus, the length of the string producing 
the primary, or key-note, being 32 inches, the lengths of the strings to produoe 
the tones in the entire scale are — 

32, 30, 27, 24, 21, 20, 18, 16; 
or, supposing that whatever be the number of vibrations pfer second necessary 
to- produce the first note ui the scale, C, we agree to repreaent it by unity, 
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m 

<x 1 ; then the nombera Decessaiy to produce the other seTen notes of the 
octaye will be as follows : 

Name of note C, D, E, F, G, A, B, C. 

Number of vibrations . 1, J, *, J, -J, .J, '/j 2. 

However &r this musical scale may be extended, it will still bo found but 
a repetition of similar octavea The vibrations of a column of air in a pipe 
may be regarded as obeying the same general laws ; notes are naturally higher 
m proportion to the shortness of the pipes. 

J The same note produced on any musical instrument is due 

aote in anj in- to the same number of vibrations per second. Thus, a note 
!SeS*fa ^S" produced by a string of a piano vibrating 256 times in a sec- 
Mae manner? ond, is also produced in the flute by a column of air vibrat- 
ing the same number of times in a second, and also in the hu- 
WQ Yoice by two chords contained in the upper part of the wmd-pipe, also 
Tibnting the same number of times in a second. 

It baa been already stated that the number of vibrations of a cord are in- 
vmelj as its length ; the number also increases as the square root of the 
fcice which stretehes it Thus an octave is given by the same length of string 
Vbn stretched four times as strongly. 

SBCTION II. 

BBFLEGTION OF SOUND. 

wkaktomauit ^^' ^^^^ waves of sound strike against 
Snrf* "Sd? *^y fixed surface tolerably smooth, they are 
reflected, or rebound from that surface, and 
the angle of reflection is equal to the angle of incidence. 

This law governing the reflection of sound is the same as that which gov 
ffns the reflection of all elastic bodies, and also, as will be shown hereafl^r, 
the knponderable agents, heat and light 

wiiat ia an ^29. An EcHO is a repetition of sound caused 

^^' by the reflection of the sound waves, or undu- 

lations, from a surface fitted for the purpose, as the side 
rfa house, a wall, hill, etc. ; the sound, after its first pro- 
duction, returning to the ear at distinct intervals of time. 

Thus if a body placed at a certain distance from a hearer produces a sound, 
% sound wouM be heard first by means of tlie sonorous undulations which 
Produced i<^ proceeding directly and uninterruptedly from the gonorous body 
^ the hearer, and afterward by sonorous undulations which, after striking on 
'^fleeting sur&ceS) return to the ear. These last constitute an echo. 

In order to produce an echo, it is requisite that the reflecting body should 
^ aitoated at sixdi a distaooe from the source of sound, that the interval be- 
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tween the peroeptiOn of the original aod reSected Bounds maj be Buffioest to 
prevent thein Hoto being blended together. 

When the original bdI retleL-ted suimda ore blended together, the effect 
produced is coUt'd a resuuanc^, and not an echo. 

Thua, the walls oT a room of onUtiuj gize do not [iroduce an echt^ because 
tbe redecUng surface i^ sj near the source of sound tLat the edio is blended 
vith the ori)i;iua1 sound ; and the two produce but one impression ou the ear. 

Largo halk, apaoiouj diurcliea, etc., oa the oontrarj-, often reverberate or re- 
peat tbe voice of a speaker, bccauso the walla are ao lar oCT from llie spealic^ 
that tbe echo doss not get bock in time to blend with tbe original soudl ; 
and theralbre each is beard separate!;. 

The shortest iDtsrval sufficient to reader sounds distinctly appreciable bj 
.the ear, is about l-9ch of a second ; therefore when sounds follow at shorter 
intervals, tbey will form a resonanoa instead of an echo; so that no reflecting 
surface will produce a distinct echo, unless its distance bom tbe qrat y/ben 
the sound proceeds is at least 62} feet ; as Uie sound will in its progress id 
posing to and from the reflecting surface, at the rate of 1,126 feet per sec- 
oad, occup; I-9th part ofa second, passing over 62^X2 = 125 feet 
When ii >n ^^' ^^^^^ separate surfaceB are so sitii- 
^o muiU' ated that they receive and reflect the Bound 
from one to the other in successioo, multiplied 
echoes are heard. 
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At) edio in a build' 
ing near Milan, IbUy, 
repeats a loud sound SO 
tiroes audibl7. A rivet 
bottnded hy perpen- 
dicular walls of rock, 
where the sound is re- 
flected backward aod 
forward over the sur- 
face of still water, is a 
favorable situation for 
rtio production of re- 
pealed echoes. Fiff . 
189 represents tlio 



lot necessnry that the suffice produoiag an echo 

_ should be either hard or polished. It is often observed at 

.rsroiin'LdiBW B9» that an echo proceeds frnm the surface of clouds. An 

Krt^echot'^'' ^^° ■' ^**> li<"'='sr, or on an extensive plane, is heard but 

rarely, there beiug no surfaces to reflect sound. To insure a 

perfect echo, the reflecdng Eui&ce must be tolerably smooth, and of sotna ■ 
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Risoiar form. An irregalar sur&ce must break the echo ; and if the irregu- 
lani/ be veiy considerable, there can be no distinct or audible reflection at 
all iTor tnia reason an echo is much less perfect from the front of a house 
which has wmdows and aoors, than from the plane end, or anj plane wall of 
the same magnituae. 

Hovissoimd 431. If the surface upon which the sound- 
«!ed* *«tti waves strike be concave, it may concentrate 
^^' sound, and reflect all that &lls upon it to ii 

point at some distance from the surface, called the focus. 

j,jQ j^QQ Thus, in Fig. 190, if the sound waves 

j^ * * proceedmg in right lines from the points 

d, e, ^5 y» ^ strike upon the concave sur- 

~ ^ face, ABC, they will all be reflected to 

/ the focus, F, and there concentrated in 

■ — — y such a way as to produce a most powerful 

_J effect 

It is upon this principle that whisper- 
ing galleries are constructed, and domes and vaulted ceilings ofl;en exhibit the 
nine curious phenomena^ In these instances a whisper uttered at one point 
is reflected from the curved surfiioe to a focus at a custant point, at which 
stoation it may be distinctly heard, while in all other positions it will be in- 
andibla 

Whfttoeeasi "^^ *"^ fiwniUar with the resonance produced by placing a 

the noiae heard sea-shell to the ear — an effect which fancy has likened to the 
faiateft-sbeUf « ^^^ of the sea." This is caused by the hoiiow form of the 
ibell and its polished surface enabling it to receive and return the beatings 
of all sounds that chance to be trembling in the air around the shell 

432. Speaking-tabes and i^>eaking-trampets depend on the principles of the 
reflection of sound. 

Fko. 19L 





483. A Speaking-Trumpet (Fig. 191) is % 
Bpaking-ivam- hoUow tubc SO constfucted that the rays of 
sound (proceeding from the mouth when ap- 
plied to it), instead of diverging, and being scattered 
through the surrounding atmosphere, are reflected from the 
sides, and conducted forward in straight lines, thus jijiving 
great additional strength to the voice. 
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The oonnw of the tajv <a 
aouud proceeding frtta Um 
mouth tlvougti thin inatm- 
neat, may be ahowu bj 
fig- 1**3- The trumpet be- 
ing directnd to any pmaX, • 
collectkiD oT paiBllel raj) <f 
■ound morea toward nek 
poin^ and tbey rea^b tte 



wh.1 !■ .n 4^- -A-D Ear- Trumpet is, in form and appt 
E„.TniiDpe.f catioD, the reverse of a speaking-trumpet, but 
in principle the same. The rajs of sound proceeding from 
a speaker, more or less distant, enter the hearing-trumpet 
and are reflected in such a manner as to concentrate the 
sound upon the opeaiug of the ear. 

Fi8. 193. *^- '^' representi the tbna of the ea^t^^mpet gen- 

erallj used b; deaf penoot. The ipertDre A is pUoed 
witbin the ear, and the MniQd vhich enten at B i^ by b 
3 tJ reflections (hun the ioterior of the instrnmenti 
' coDcsDtraled at A. 

In the wuDe maotier peTEOOi bold the hand coucan 
behind tbo ear, in order to hear mora distinctly. Tb« 
in some leapects, aa an ear-trumpet, and reflects the sound 

Meet of the stories in respect to the so-called " haunted bouses" can be all 
■atisbctorily expired by reference to the principles which govern the re- 
flection of Boimds. Owing to a peculiar arrangemeot oT reflecting walls and 
partitioDB, sounds produced by ordinwy causes are often heard in cerlaiii 
localities ^ remote distances, in apparently the most unaccountable manner. 
Ignorant persona become alanned, and their imagination connects the phe- 
nomenon with s6me SDpematnral cause- 

435. A ri^t onderetanding of the principles which govem the reflection 
of sonod is olYen of the utmost importance in the constiuction of bnildings 
intended E)r public speaking, aa halls, churches, etc 

'Experience shows that the human voice is capable of filling a larger epac« 
than waa ever ;HX>bably inclosed within the walls of a single room. 
_. The circumBtances which aeem necessary in order that Iha 

■UnneHreDBc- human voice abould be heard to the greatcHt pos^ble distance, 
■nreibe nUnMt ""^ "''''' ^^^ greatest distinctness, seem to be, a perfectiy 
dMlnctinH in tranquil and uniformly dense atmosphere, the absence of all 
''™''^' eilraneous sounds, the absence of echoes and reverberattoo^ 

aod tbe proper airangement of the teflecting surfaces. 
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- A pure atmosphere in a room for speaking, being &vorablo 

pure ataKw- to the speaker's health and strengtli, will give him greater 
Sro^iMMin*'? power of voice and more endurance, thus indirectly improv- 
ing the hearing hj strengthening the source of sound, and also 
by enabling the hearer to give his attention for a longer period undisturbed. 
„ , ., In constructing a room for public speaking, the ceiling 

room for pub. ought not to exceed 30 to 35 feet m height. 
^*^^"^j*^ The reason of this may be explained as follows: — If we 
advance toward a wall on a calm day, producing at each step 
iiun ^thig? some sound, we will find a point at which the echo ceases 
to. be distinguishablo from the origiaal sound. The distance 
flt)in the wall, or the corresponding interval of time, has been called the limit 
of perceptibility. This limit is about 30 to 35 feet ; and if the ceiling of a 
boilding for speaking be arranged at this limit, the sound of the voice and the 
edio will blend together, and thus strengthen the voice of tlie speaker. 

If the ceiling be constructed higher than this Umit of perceptibility, or 
higher than 30 or 35 feet, the direct sound and the echo will bo heard sepa- 
rately, and will produce mdistmctness. 

g Echoes from walls and ceilings may, to a certain extent, 

eoboea in a- be avoided by covering their surfaces with thick drapery, 
■MM^^^MterS ^^ich absorbs sound, and does not reflect it. 
be avoided? If the room is not very large, a curtain behind the speaker 

impedes rather than assists his voice, 
by the "key- ^^^' ^^ every apartment, owing to the peculiar arrange- 

note of an ment of the reflectinff surfaces, some notes or tones can be 
^^ heard with greater distinctness than others; or, in other 

words, every apartment is fitted to reproduce a certain note, called the key- 
note, better than any other. If a speaker, therefore, will adapt the tones of 
his voice to coincide with this key-note, which may readily be determined 
by a little practice^ he will be enabled to speak with greater ease and distinct- 
neas than under any other circumstances. 

In a large room nearly square, the best place to speak from is near one cor- 
ner, with the voice directed diagonally to the opposite corner. In most cases, 
the lowest (Htch of voice that will reach across the room will be the most 
audible. In all rooms of ordinary form, it is better to speak along the length 
of a room than across it. It is better, generally, to speak from pretty near a 
vail or pillar, than far away from it 



SECTION III. 

OBOANB OF HBARINO AND OP THE VOICE. 

j^ 437. The Ear consists, in the first instance, of a funnel. 

eoDitnictionof shaped mouth, placed upon the external surface of the head. 
the human ear. jjj many animals this is movable, so that they can direct it 
to the plaoe ficom whence the sound oomes. It is represented at a, Fig. 19^ 

9* 
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Proceeding Inwtid from this extenul po- 
tion of the ear, is a tnbe, Bomething mote Uud 
an Inch long, termiaBting in an oval-shaped 
i^oing, b, acroM whicdi is itretched an eW 
lie membrane, like tbe parctiment OD tbe held 
□T a drum. Tliia oval-iitiaped opening biu n- 
ceired tlie name <^ the tf"'?'"'''!'!: <>'' dnun of 
tbe ear, and the membrane itretched across i 
ii called tbe " mMnbrane of the tjnipaaun], or 

Tlie Bound coDcentmted at the bottom of the eor-tabe laOs apon tho mcni- 
brane of the drum, and causes it to vitirate. Tbat its motion may be bv, 
the air ccntained within and behind tho drum hM (Vee communication will 
the eitemal air by an opi:n passage, / called the aalaxhian taie, leading lo 
the back of tho mouth. A degree of deaben ensoes when this tutie is <il>- 
Btructod, as in a cold; and a craok, or sudden noiae, with imuiecliateivtiini 
of natural hearing, is generollj eiperieoced when, in the effort of sneeang or 
otlierwiso, tlio obstructiou is remoTed. 

The vibrationa of the membrane of tho dram are conveyed further inward, 
through the cavity of tho drum, b; a chain of four bones (not represented in 
tbe figure on account of their minuteness), reaching from tbe center of Uie 
membnuie In the commencement of bd inner compartment which contains tin 
nerres of licnriug. Tliis compartment, from its curious and most inlricate 
'e is called the Lat/yrinth. Fig. 194, c t d. 

Tbe Labyrintb is the true ear, all tlie 
other portions being merely accessorica b^ 
which the sonorous nnduUlions are propa- 
gated to the nerves of hearing contained 
in the labyrinth, which is excavated in the 
liardest mass of bono Ibund iir the whole 
i liody. Fig. 195 represents the labyrintli 
on an enlarged scale, and partiaUy open. 

The labyrinth is filled with a liquid sulj- 
Btanco, through which the nerves of hearing 
are distributed. When the membrane of 
the drum of the ear is made to vibrate by the uodulalions of sound strilcing 
agMnat it, the vibrations are communicated to the little chain of bones, 
which, ia turn, strlicing gainst a membrane which covers tbe external 
opening of the labyrinth, compresses the liquid contained in it This ac- 
tion, by the law of fluid pressure, is communicated to the whole interior of 
the labyrinth, and consequently to all portions of tho auditory nerve dis- 
tributed throughout it: the nerro thus acted upon conveys an impression to 
the brain. 

The several parts of the labyrinth con^sl of what is called the vestibule, 
I, Fig. 194, three semidrcular canals, c, imbedded in the hard bone, and a 
winding cavity, called ^e cochlm, d. liice that of a snail-sheU, in wbieh fibres, 



FlQ. 195. 




ORGANS OF HEARING AND OF THE VOICE. 203 

stretched across like harp-strings, constitute the lyra. The separate uses of 
these various parts are not yet fully known. Tlio membrane of the tym- 
panum may be pierced, and the chain of bones may be broken, without en- 
tire loss of hearing. 

438. In the hearing apparatus of the lower orders of 
raSriUes ^of *^™a's, all the parts betonging to the human ear do not 
tie bearing ap. exist In fishcs, the car consists only of the labyrinth; and 
jJj^^JJI^ijgy in lower animals the ear is simply a little membranoas 
cavity filled with fiuid in which the fibres of the ner\'es cf 
beuiag float 

439. All persons can not hear sounds alike. 
2S *^ w III different individuals the sensibility of the 
■oand alike? auditOFj nervcs varies greatly. 

What iB th ^^" ^^^ whole range of human hearing, 

range of hii- from the lowest note of the organ to the high- 

Ban heannff ? %j o 

est known cry of insects, as of the cricket, in- 
cludes about nine octaves. 

^^ 441. In the human system, the parts con- 

orgmj of cemed in the production of speech and music, 

are three : the wind-pipe, the larynx, and 
the glottis. 

What lit the 442. The Wind-pipe is a tube extending 
wind-pipe? f^^^ QjjQ extremity of the throat to the other, 

which terminates in the lungs, through which the air 

imses to and from these organs of respiration. 

What is the ^3. The Larynx, which is essentially the 

'^'^^^ organ of speech, is an enlargement of the up- 
per part of the wind-pipe. The Larynx terminates in 
two lateral membranes which approach near to each other, 
having a little narrow opening between them called the 
glottis. The edges of these membranes form what is 
called the vocal chords. 
How is Toice 444. In order to produce sound, the air ex- 

produced? pired from the lungs passes through the wind- 
pipe and out at the larynx, through the opening between 

the membranes, the glottis : the vibration of the edges of 

these membranes, caused by the passage of air, produces 

sound. 
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By tho action of muscles we can yaiy the tension of them 
tone* of the membranes, and make the opening between them large or 
Tokse be rcn- gmalL and thus render the tones of the voice erave or acute.* 

•cote? 445. The loudness of the voice depends 

dSTthl'Snd- '^^i'^ly ^V^^ ^he -force with which the air is 
MMo^aieToice expelled from the lungs. 

The force which a healthy chest can . exert in blowing i> 
about one pound per inch of its surface ; that is to say, the chest can oon> 
djnse its contained air with that force, and can blow through a tube the 
mouth of which is ten feet under the surface of water. 

What is the TO. 446. In coughing, the top of the windpipe, 
Sighing? *"' ^^ *^® glottis, is closed for an instant, during 
which the chest is compressing and condensing 
its contained air ; and on the glottis being opened, a 
slight explosion, as it were, of the compressed air takes 
place, and blows out any irritating matter that may be 
in the air-passages. 

^^ 447. Sound, to some extent, appears to always accompany 

generally ac- tho liberation of compressed air. An example of this is seen 
miration ***? *" ^^^^ report which a pop-gun makes when a paper-bullet 
compressed air? is discharged from it. Tho air confined between tlie paper 
bullet and the discbarging-rod is suddenly liberated, and 
strikes against the surrounding air, thus causing a report in the same man- 
ner as when two solids come into collision. In like manner an inflatea uiad- 
der, when burst open with force, produces a sound like ihe report of a pistol 
To what is the ^^^* "^^^^ sound of falling water appears in a great measuro 
sound of falling to be owing to the formation and bursting of bubbles. When 
water due? ^^q distance which water falls is so limited that the end of 

• The power which the will possesses of determining with the most perfect precision 
the exact degree of tension which these membranes of the glottis, or Tocal chords shall 
receive, is extremely remarkable. Their average length in man is estimated at 73-100tli8 
of an inch in a state of repose, while in the state of greatest tension it la aboat 93-l(XHli8 
of an inch. The average length of the membranes in the female is somewhat less. Each 
interval, or variation of tone which the human voice is capable of producing is occasioned 
by a different degree of tension of these membranes : and as the least tsstimated number 
of variations belonging to the voice is 240, there must be 240 different states of tension 
of the vocal chords, or membranes, every one of which can be at once determined by the 
wilL Their whole variation in length in man being not more than one fifth of an inch, 
the variation required to pass from one interv^al of tone to another wUl not be more than 
l-1200th of an inch. 

It is on account of the greater length of the vocal chords, or membranes of the clottia, 
that the pitch of the voice is much lower in man than in woman : but the different does 
not arise until the end of the period of childhood, the size of the larynx in both sexes beine 
about the same up to the age of 14 or 15 years, but then changing rapidly in the male 
sex, and i-emaining neariy stationary in the female. Hence it is that boys, as well as 
girls and women, sing treble ; while men sing tenor, which is about an octave lower than 
treble, or bass which is lower stilL— Dr. Carpenter. 
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the sfapeam does not beoome broken into bubbles and drops^ neither souDd or 
air-babbles will be prodooed ; bat as soon as the distance becomes increased 
to a soffident extent to break the end of the column into drops, both air-bub- 
bles and sounds will be produced. 

wiiatisroecz- ^9* Sneczing 18 a phenomenon resembling 
*^' cough ; only the chest empties itself at one 

effort, and chiefly through the nose, instead of through 
the mouth, as in coughing. 

Irutisiaugh- 450. Laughing consists of quickly-repeated 
^^^ expulsions of air from the chest, the glottis 
b^ng at the time in a condition to produce voice ; but 
there is not between the expirations, as in coughing, a 
^ complete closure of the glottis. 
Wbattacrying? 461. Crying differs from laughing almost 
solely in the circumstance of the intervals be- 
tween the gusts or expirations of air from the lungs being 
longer. Children laugh and cry in the same breath. 

Insects generaUj excite sonorous vibrations by tbe fluttering of their wings, 
or other membraneous parts of their structure. 

PRACTICAL QUESTIONS IN ACOUSTICS. 

1< The flash of a cannon waa aeen, and ten seconds afterward the report was heard: 
W fkr off was tbe cannon ? 

2. At what distance was a flash of lij^itning, when the flash was seen seven seconds 
liefore the thunder was heard ? 

3. How long after a sudden shout win an echo be returned from a high wall 1,120 feet 
diituit? 

4. A stone being dropped into the mouth of a mine, was heard to strike the bottom 
i& tvo seconds ; how deep was the mine ? 

5. A certain musical string vibrates 100 times in a second : how manj times must il 
vUnute in a second to produce the octave f 



CHAPTER XII. 

HEAT. 



452. Heat is a physical agent, known only 
by its- effects upon matter. In ordinary lan- 
guage we use the term heat to express the sensation of 
warmth. 
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453. Caloric is the c^eneral name given to 

Whatiacalorio? , , . i r- i i x-i 

the physical agent which produces the sensa* 
tion of warmth^ and the various effects of heat observed 
in matter. 
How iB heat 454. Thc quautitj of heat -observed in dif- 

measured? fereut substanccs is measured, and its effects 
on matter estimated, only by the change in bulk, or aj* 
pcarance, which different bodies ctssume, according as heti 
is added or subtracted. 
What is tem- 455. Thc dcgFce of heat by which a body 

perature? jg aflfected, or the sensible heat a body con- 
tains, is called its Temperature. 
«rv . ,,. 456. Cold is a relative term expressinff only 

What is cold? _ _ _ , . _ ^ . ° , 

the absence of heat m a degree ; not its total 
absence, for heat exists always in all bodies. 
What disHn- ^57. Heat possesses a distinguishing char- 
S'teriSi*c''dJe; acteristic of passing through and existing in 
heat possess? q^i tinjg of matter at all times. So far as we 

know, heat is everywhere present, and every body that 
exists contains it without known limits. 

Ice contains heat in large quantities. Sir Humphrey Davy, by friction, ex- 
tracted heat from two pieces of ice, and quickly melted them, in a room cooled 
below the freezing-point, by rubbing them against each other. 

In what man- 458. The tendency of heat is to diffuse, or 
diffused oT* spread itself among all neighboring substances, 
spread itself? until all havc acquired the same, or a uniform 
temperature. 

A piece of iron thrust into burning coals becomes hot among them, because 
the heat passes from the coals into the iron, until the metal has acquired an 
equal temperature. 

^vhen do we ^59. Whcu the hand touches a body ha\dng 
cauabodyhot? ^ higher temperature fhan itself, we call it 
hot, because on account of tho law that heat diffuses itself 
among neighboring bodies until all have acquired the 
same temperature, heat passes from the body of higher 
temperature to the hand, and causes a peculiar sensation, 
which we call warmth. 

460. When we touch a body having a temperature 
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When do we- lowei than that of the hand, heat, in accord- 
aaabod)rooidr ^^^q y^ith tlie same law, passes out from the 

hand to the body touched, and occasions the sensation 
which we call cold.* 

461. Sensations of heat and cold are, therefore, merely 
degrees of temperature, contrasted hy name in reference 
to the peculiar temperature of the individual speaking of 
iheih. 

Dnder h t '^ body may feel hot and cold to the same person at the 

ciraamstances same time, since the sensation of heat is produced by a body 
kound^ldto^ colder than the hand, provided it be less cold than the body 
the same per- touched inmiedlately before ; and tlie sensation of cold is 
»nat the same produced under the opposite circumstances, of touching a 
comparatively warm body, but which is less warm than some 
other body touched prenously. Thus, if a person transfer one hand to cbm- 
moa spring water immediately after touching ice, to that hand the water 
would feel very warm ; while the other hand transferred from warm water 
to the spring water, would feel a sensation of cold. 

Has heat ^62. Heat is imponderable, or does not pos- 

"^^^ sess any perceptible weight. 

If we balance a quantity of ice in a dchcate scale, and then leave it to 
melt, the-equilibrium will not be in the slightest degree disturbed. If we 
sulwtitute for the ice boiling water or red-hot iron, and leave this to cool, 
there will be no difference in the result. Count Rumford, having suspended 
» bottle containing water, and another containing alcohol to the arms of a 
balance and adjusted them so as to be exactly in equilibrium found that the 
balance remained undisturbed when the water was completely frozen, though 
the heat the water had lost must have been more than sufiQcient to have made 
an equal weight of gold red hot 

What do we * "^SS. The nature, or cause of heat is not 
litareSfhJS;*? clcarly understood. Two explanations, or 
theories have been proposed to account for the 
various phenomena of heat, which are known as the me- 
chanical and vibratory theories. 

Explain the me- ^64. The mcchauical theory supposes heab 
ehanicai theory. ^^ y^^ ^^ cxtreniely subtilc fluid, or ctherial 

• Th?re can not be a more fallacious means of cstlmntlng heat than by the tench. Thus, 
in the ordinary a»%te of an apartment, at any season of the year, the objects which arc in 
it have all the same temperature ; and ' et t<> the touch they will feel warm and cold in 
<liff<irent degrees. The metallic objects will be the coldest ; stone and marble less so ; 
vood still lew; and eafpeting and woolen objects will feel warm. Now all these olijects 
M« at esMtly MM maae temperature, aa ascertained by the thermometer. 
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kind of matter pervading all space, and entering into 
combination in various proportions and quantities, with 
all bodies, and producing by this combination all the va- 
rious eflfects noticed. 

BxpUdntheTi. 465. The vibratory theory, on the contrary, 
bratory theory, gupposcs hcat to be merely the effect of a spe- 
cies of motion, like a vibration or undulation, produced 
either in the constituent particles of bodies, or in a subtle, 
imponderable fluid which pervades them. 

When one end of a bar of iron is thrust into the fire and heated, the o^r 
end soon becomes hot also. According to the mechanical theory, a subtfle 
fluid coming out of the fire enters into the iron, and pacees fix)m partide to 
particle until it has spread through the whole. When the hand is applied to 
the bar it passes into it also, and occasions the sensation of warmth. Ac- 
cording to the yibratorj theory, the heat of the fire communicates to the pa^ 
tides of the iron themselves, or to a subtile fluid pervading them, certain vi* 
bratory motions, which motions are gradually transmitted in every directioD, 
and produce the sensation of heat, in the same way that the undulations or 
vibrations of air, produce the sensation of sound. 

There seems to be but little doubt at the present timo among 
two theories scientific men, that the theory which ascribes the phenome* 
^"d'd?^ ^^' ^^ ^^ ^®^* *° * series of vibrations, or undulations, either in 
matter, or a fluid pervading it, is substantially correct At 
the same time it is not wholly satisfactory, and neither theory will perfectly 
explain aU the facts in relation to heat with which we are acquainted. 
For the purpose of describing and explaining the phenomena and effects of 
heat, it is convenient, in many cases, to retain the idea that heat is a substance. 

The fact that nature nowhere presetts us, neither has art 
dencesinfa^r ^^^^ succeeded in showing us, heat alone in a separate state, 
of the respect- is a strong ground for believing that heat lixas no separate 
hSit*? ***"** ^^ material existence. Heat, moreover, can be produced without 
limit by friction, and intense heat is also produced by the ex- 
plosion of gunpowder. On the contrary, as arguments in favor of the material 
existence of heat, we have the fact, that heat can be communicated very 
readily through a vacuum ; that it becomes instantly sensible on the condens- 
ation of any material mass, as if it were squeezed out of it : as when, on re- 
ducing the bulk of a piece of metal by hammering, we render it very hot (the 
greatest amount of heat being emitted with the blows that most change its 
bulk) ; and, finally, that the laws of the spreading of heat do not resemble 
those of the spreading of sound, or of any other motion known to us. 

466. The relation between heat and light is a very intimate 
S^thero^li" 0°®- ^eat exists without light, but all the ordmary sources 
tireen heat and of light are also sources of heat; and by whatever artificial 
'*^^^^ meanft natural li^t is condensed, so as to increase its^^len* 
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doi; the heal which it prodaoes is also^ st the same time^ rendered more 
mtensa 

467. When a body, naturally incapable of 
bodyineande^ emitting light, is heated to a sufficient extent 

9ent or ignited f ■, ^ » •• ••ft* i 

to become lummous, it is said to be incandes- 
cent, or ignited. 

What is flame ^^ Flame is ignited gas issuing from 
' •»*«"' a burning body. Fire is the appearance of 
£3at and light in conjunction, produced by the combus- 
tion of inflammable substances. 

The ancieiit j^oeopheiB used the term fire as a characteristic of the nature 
of heat, and regarded it as one of the four elements of nature ; air, earth, and 
water being the other three. 

Heat and the attraction bf ooheBi(Hi act constantly in opposition to each 
other; hence, the more a body is heated, the less will be the attractive force 
between the partideB of which it is composed. 

SECTION I. 

SOUROBS OF HBAT. 

imtajre the 4g9 gj^ great sources of heat are recognized, 
■eareeeofhcatr They are — ^1. The sun ; 2. The interior of the 
earth ; 3. Electricity ; 4. Mechanical action ; 5. Chemical 
action ; 6. Vital action. 

What is the 470. The greatest natural source of heat is 
5r£i^*Jf the sun, as it is also the greatest natural source 
^' of light. 

Aldioagh the quantit7 of heat sent forth fit>m the sun is immense, its rays, 
jailing naturaUj, are never hot enough, even in the torrid zone, to kindle 
^ combustible substances. By means, however, c^ a 

^ burning-glass, the heat of the sun's rajs can be con- 

centrated, or bent toward one point, called a focua^ 
in sufficient quantity to set fire to substances sub- 
mitted to their action. 

Hg. 196 represents the manner in which a buming- 
j^ass concentrates or bends down the rays of heat 

'o^iZm^l^^r^- ''°*'^ ^®J^ ™®®* ^° ^ focus. 

I <|)t|ff^ have been entertained in order to account for the 

nd IMt by the sun ; one supposes that the sun is an 

rUoh throws off its light and heat like an intensely- 

Otbei^ baaed on the ground that heat is occasioned 




210 W£LLS*8 NATUBAL FHILOSOPHT. 

hj the vibrations of an ethereal fluid occapying all space, supposes that the 
sun may produce the phenomena of light and heat without waste of its tern- 
perature or substance, as a bell may constantly prodooe the phenomena of 
sound. 

Whatever may be tHe true theory, a series of experiments, made some years 
since by Arago, the eminent French astronomer, seem to prove that the tern- 
perature at the surface of the sun is much more elevated than any artificial 
heat we are able to produce. The experimental reasons which lead to this 
opinion are as follows: — 

There are two states in which light is capable of existing — ^tbe ordinaf 
state, and the state of polarization.* It has been proved that all bocUes, in i 
solid or liquid state, which are rendered incandescent by heat, emit a polaF* 
ized light, while bodies that are gaseous, when rendered incandescent, infa- 
riably emit light in its ordinary state. Thus the physical oonditicm of a body 
may be distinguished when it is incandescent by examining the light which 
it i^rds. On applying the test to the direct light of the sim, it was found to 
be in the unpolarized or ordinary condition of light. Hence it has been in- 
ferred by Arago that the matter from which this li^t proceeds must be in 
the gaseous state, or, in other words, in a state of flame. From other exp^- 
ments and observations, Arago was led to the conclusion that the sun was a 
soUd, opaque, non-luminous body, invested with an ocean of flama 

471. Owing to the positioQ of the earth's 
ative heat of axis, the relative amount of heat received from 

the sun always , , . i . . • /• 

greateriiisorae the suu 18 aiwajs greater m some portions ot 
earth than at the earth than at others, since the rays of the 
sun always fall more directly upon the central 
portions of the earth than they do at the poles, or extremi- 
ties ; and the greatest amount of heat is experienced from 
the rays of the sun when they fall most perpendicularly. 

Wh i th ^^'^' "^^^^ ^®** ^^ *^® ^^° ^ greatest at noon, because for 

heat of the sun the day the sua has reached the highest point in the heavens, 

SoonT* *' ^^^ '^^ ^y^ ^^ ^^^^ perpendicularly than at any other 
time. 

What occasions For a like reason we experience the extremes of tempera- 

the difference j-^-uj jx t *u 

in tempcriNture ture, distinguished as summer and winter. In summer th9 

winte™?^' "** position of the sun in relation to the earth is such, that al- 
though more remote from the earth than in winter, its rays 
fall more perpendicularly than at any other season, and impart the greatest 
amount of heat ; while in winter the position of the sun is such that its rays 
fall more obliquely than at any other time, and impart the smallest amount of 
heat The sun, moreover, is longer above the horizon in summer than in 
winter, which also produces a con*esponding effect. 
The reason why a difference in the inclination of the sun's rays fidling upon 
* For explanation of the term polarisation, see chapter on Light. 
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ir&ce of the earth occasioiis a difference in their heating effect is, thai 
ore the rays are inclined, the more they are diffused, or, in other word?, 
rger the space thej cover. This may be rendered apparent by reference , 
;. 197. 

■j^Q 297. ^^ ^^ suppose A B C D to represent 

a portion of the sun's rays, and C D a 
-^ P A portion of the earth's surface upon which 

the rays fall perpendicularly, and C E 
portions of the sur&ce upon which they 
fall obliquely. The same number of- 
rays will strike upon the surfaces C D 
and E, but the surface C E bemg 
r than C D, the rays will necessarily taXL more densely upon the latter; 
\ the heating power must be in proportion to the density of the rays, it 
LOUS that C D will be heated more than C E, in just the same proper- 
a the surface E is more extended. But if we would compare two 
38 upon neither of which the sun's rays fall perpendicularly, let us take 
Dd C F. They fall on C E with more obliquity than on C F; but C E 
iently greater than C F, and therefore the rays being diffused over a- 
sur&ce are less dense, and therefore less effective in heating. 

is the '^7^- ^^^ greatest natural temperature ever 
^ratare authentically recorded was at Bagdad, in 1819, 
served? whcu thc thermometer (Fahrenheit's) rose to 
in the shade. On the west coast of Africa the ther- 
eter has heen observed as high as 108° F. in the 
e. Burckhardt in Egypt, and Humboldt in South 
rica, observed it at 117° F. in the shade. 

474. About 70° below the zero of Fahrenheit's* 
tempe- thcrmometcr is the lowest atmospheric temper- 
ature ever experienced by the Arctic navigators, 
textent 475. The greatest artificial cold ever pro- 
If^, duced was 220° F. below zero. 

This temperature was obtained some jears since bylL- 
rer, a German chemist. Professor Faraday also produced a cold 
to 166® F. below zero. At neither of these temperatures were pure 
»1 or ether frozen. 

tomporaturo of the space above the earth's atmosphere has been esU- 
at 58® below zero, Fahrenheit's thermometer. 

It depth 476. The depth to which the influence of 
he^SS *^® ^®^* ^^ ^^® ^^^ extends into the earth va- 



•OD ex- 



ries from 50 to 100 feet ; never, however, ex- 
ceeding the latter distance. 
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g . Indopendentlj of the sun, however, the earth is a souroeof 

know that the heat. The proof of this is to be found in the fact, that as w« 
wthta a source descend into the earth, and pass beyond the limits of the influ- 
enco of the solar heat, the temperature constantly rises. 

At irhat nte 477. The incTease of temperature observed as 
pewtoreof the we desccnd into the earth, is about one degree 
earth increaae ? ^^ ^j^^ themiometerfor 6 veFj fif ty feet of descent 

Supposing the temperature to increase according to this ratio, at the depth ' 
cftwo miles water would be converted into steam; at four miles, tin would 
be melted ; at five miles, lead ; ana at thirty miles, almost eveiy earthy sub- 
stance would be reduced to a fluid state. 

The internal heat of the earth does not appear to have any sensible effect 
upon the temperature at the sur&ce, being estimated at less than l-30th of 
a degree. The reason why such an amount of heat as is supposed to exist in 
the interior of the earth does not more sensibly affect the surface is because 
the materials of which the exterior strata or crust of the earth is composed, 
do not conduct it to the surface from the interior. 

Under what ^78. Wheu electricity passes from one sub- 

i! dlSrid't^ stance to another, the medium which seryes to 
source of heat? conduct it 18 verj frequently heated ; but in 
what manner the heat is produced we have no positive in- 
formation. 

The greatest known heat with which we are acquainted, is thus produced 
by the agency of the electric or galvanic current. All known substances caa 
be melted or volatilized by it 

Heat so developed has not been employed for practical or economical pur- 
poses to any great extent ; but for philosopliical experiments and investiga- 
tions it has been made quite useful 

How is chem- 4^9. Many bodies, when their original con- 
ISic^of hlat* stitution is altered, either by the abstraction 
of some of their component parts, or by the 
addition of other substances not before in combination 
with them, evolve heat while the change is taking place. 

In such cases, the heat is said to be due to chemical ac- 
tion. 

What ia chem- ^^- ^® ^VV^J ^^^ ^®^"^ chemical action to 
icai action? thosc Operations, whatever they may be, by 

which the form, solidity, color, taste, smell, and action of 
substances become changed ; so that new bodies, with 
quite different properties, are formed from the old. 

A familiar illustration of the manner in which heat is evolved by chemical 
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^ to be fouod in the experiment of pouring cold water upon qoick- 
The water and the lime combine together, and in so doing liberate a 
imount of heat, sufficient to set fire to combustible substances. 

s heat 481. Heat is always evolved when a fluid is 
of form transforined into a solid, and is always ab- 
^'^ sorbed when a solid is made to assume a fluid 
ition. As water is changed from its liquid form when 
taken up by quicklime, therefore heat is given off". 

heat produced by the various forms of combustion, is the result of chem- 
tion. 

, ^ 482. Heat exists in two very different con- 
it two •' 

.Mdoe. ditions, as Free, or Sensible Heat, and as 

Latent Heat.** 
I sensi. 483. When the heat retained or lost by a 
'^ body is attended with a sense of increased or 

wished warmth, it is called sensible heat. 
« utent 484. Whea the heat retained or lost by a 

body is not perceptible to our sense, it is called 
t heat 

Every substance contains more or less of latent heat Al- 
io we "^ 

leat to though our senses give us no direct information of its pres- 
»n*not ©"ice, we may, by a variety of experiments, prove that it ex- 
j It? ists. Thus, the temperature of ice is 32® by the thermometer, 
but if ice be melted over a fire and converted into water, the 
will be no hotter than the ice was before, although in the operation 
grees ol heat have been absorbed by the water. When, on the contrary, 
passes into ice, a large amount of heat which was before latent in the 
passes out of it, and becomes sensible.f 

485. Another important source of heat is 

8 nie- 

I action mcchanical action, heat being produced by 
friction and by the condensation, or compres- 
if matter. 

ill 8- Savage natious kindle a fire by the friction of two pieces 
of the of dry wood ; the axles of wheels revolving rapidly frequently 
r*"fric^ become ignited ; and in the boring and turning of metal tit 
chisels often become intensely hot. In all these cases the 
friction of the surfaces of wood or of metal in contact, dis- 
he latent heat of these substances, and renders it sensible, 
following interesting experiment was made by Count Rumford, to il- 

ien^ from the Latin word IcUeo, to be hid. 

I phenomexuk of latent heat are farther considered under the head of liqaefaoti(»i. 
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lustrate the effect of frictioii in producing heat : — A borer was made to re- 
volve in a cylinder of brass, partially bored, thirty-two times in a minute. 
The cylinder was inclosed in a box containing 18 pounds of wat^r, the tem- 
perature of which was at first 60° but rose in an hour to lOTo; and in 
two hours and a half the water boiled. 

Is air necessary Air does not appear to be necessary to the production of 
for the prodnc- heat by the friction of solid bodies * since beat is produced 
frirtlo??^**'^ by friction within a vacuum. 

To whatever extent the operation may be carried, a body 
X)3ver ceases to give out heat by friction, and this &ct is considered as a 
strong argument in &vor of the theory that heat is not a substance, but 
merely a property of matter. 

It was formerly supposed that solids alone could develop, heat by friction, 
but recent experiments have proved, be3rond a doubt, that heat is also gene^ 
ated by the friction of fluids. 

The heat excited by friction is not m proportion to the hardness or elas- 
ticity of the bodies employed ; on the contrary, a piece of brass rubbed with 
a piece of cedar- wood produced more heat than when rubbed with another 
piece of metal ; and the heat was still greater when two pieces of wood were 
employed. 

The reduction of matter into a smaller compass by an exte^ 
SSionY oJ^th!^ ^^^ °^ mechanical force, is generally attended with an evolu- 
production of tion of heat. To such an act of compression we apply the 
d^tiJa?*^**"*" term condensation. 

Heat may be evolved from air by condensation. This may 
be shown by placing a piece of tinder in a tube, and suddenly compressing the 
air contained in it by means of a piston. The air being thus condensed, parts 
with its latent heat in sufficient quantity to set fire to the tinder at the bot- 
tom of the tube. Another familiar experiment of the evolution of heat by 
condensation, is the rendering of iron hot by striking it with a hammer. The 
particles of the iron being compressed by the hammer, can no longer contain 
so much heat in a latent state as they did before: some of it therefore be- 
comes sensible, and increases the temperature of the metal, and the striking 
may be continued to such an extent as to render the iron red-hot 

When a match is drawn over sand-paper or other rough substance, cer- 
tain phosphoric particles are rubbed off, and being compressed between the 
match and the paper, their heat is raised snflficiently high to ignite them and 
fire the match. If the match bo drawn over a smooth surface, the compres- 
sion must be increased, for the temperature of the whole phosphoric mass must 
be raised in order to cause ignition. 

The fulminating substance of a percussion-cap explodes when struck by a 
hammer, because the blow occasions a compression of tlie particles, by which 
a sufficient amount of latent heat is liberated to produce ignition. 

What Is meant 486. Most livin*]^ animals possess the property 
by vital heat ? ^£ maintaining in their sy s 1 em an equable tern- 
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peratme, whether surrounded by bodies that are hotter or 
colder than they are themselves. The cause of this is due 
to the action of vital heat, or the heat generated or ex- 
cited by the organs of a living-structure. 

The fi^owing facts illustrate this principle : — ^The explorers of the Arctic 
regions, during the polar winter, while breathmg air that froze mercurj, still 
had in them the natural warmth of 98^ Fahrenheit above zero; and the 
khabitants of India, where the same thermometer sometimes stands at 
J. 5^ in the ^lade^ have their blood at no higher temperature. Again, 
the temperature of birds is not that of the atmosphere, nor of fishes that 
of the sea. 

487. The cause of animal heat is undoubt- 
eanae of Titai cdly duc to chcmical actiou ; — the result of 
respiration and nervous excitation. 

Do vlttnts DOS- Growing vegetables and plants also possess, in a degree, 
MM this prop- the property of maint^dning a constant temperature witbin 
•"^^ their structure. . The sap of trees remains unfrozen when the 

temperature of the su]jounding atmosphere is manj degrees below the freez- 
ing point of water. 

This power of preserving a constant temperature in the animal structure is 
limited. Intense cold suddenly coming upon a man who has not sufficient 
protection, first causes a sensation of pain, and then brings on an almost irre- 
astible sleepiness, which if indulged in proves fatal. A great excess of heat 
also can not long be sustained by the human system. 

Each species of animal and vegetable appears to have a temperatare natural 
and peculiar to itself and from this diversity different races are fitted for dif- 
ferent portions of the earth's surface. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes; the pine-tree and the Arctic bear, 
to those which are colder 

When animals and plants are remoyed from their peculiar and natural dis- 
tricts to one entirely different, they cease to exist, or change their character 
in such a way as to adapt themselves to the climate. As illustrations of this, 
we find that the wool of the northern sheep changes in the tropics to a spe- 
cies of hair. The dog of the torrid zone is nearly destitute of hair. Bees 
traiu^rted Scorn the north to the region of perpetual summer, cease to lay up 
stores of honey, and lose in a great measure their habits of industry. 
. Man alone is capable of living in all climates, and of migrating freely to all 
portions of the earth. 

- Of all animals, birds have the highest temperature ; mammalia, or those 
which suckle their young,. come next ; then amphibious animals, fishes, and 
certain insects. Shell-fish, worms, and the like, stand lowest in the scale of 
temperatare. The common mud-wasp, in its chrysalis state, remains unfrozen 
during the most severe cold of a northern winter ; the fluids of the body in* 
stanlly congeal, however, in a freezing temperature, the moment the case, 
or^b^ vr^tii tiickees it, is crushed. 
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SECTION II. 

COMMUNIOATION OF HEAT. 

HitvnuyiiMt 488. Heat nmy be communicated in three 

be eommanl- 1 ^ 1 

»»^' ways: by Conduction, by Convection, and 

by Radiation. 

489. Heat is communicated by conductioa 

commanieat«d whcu it travels from particle to particle of the 

b^ conduction f - /» 1 i /• 1 • 

substance, as from the end of the iron bar 
placed in the fire to that part of the bar most remote 
from the fire. 

What to con- 490. Whcu hcat is communicated by being 
Tection? carried by the natural motion of a substance 
containing it to another substance or place, as when hot 
water resting upon the bottom of a kettle rises and carries 
heat to a mass of water through which it ascends, the heat 
is said to be communicated by convection, 
whattormdu. 491. Heat is communicated by radiation 
tionofheatf when it leaps, as it were, from a hot to a cold 
body through an appreciable interval of space ; as when a 
body is warmed by placing it before a fire removed to a 
little distance from it. 

hqw does a ^92. A hcatcd l)ody cools itself, first by giv- 
TOi?utsein°^^ ing off heat from its surface, either by conduc- 
tion or radiation, or both conjointly ; and sec- 
ondly, by the heat in its interior passing from particle to 
particle by conduction, through its substance to the sur- 
face. A cold body, on the contrary, becomes heated by :i 
process directly the reverse of this. 

Do all bodiei 493. Different bodies exhibit a very great 
dually w^?* degree of difference in the facility with which 
they conduct heat : some substances oppose 
very little impediment to its passage, while through others 
it is transmitted slowly. 

What are con- 494. All bodics are divided into two classes 
So^ndaJtors ^^ rcspcct to their conduction of heat, viz., 
of heat? lu^Q conductors and non-conductors. The for- 
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oier are such as allow heat to pass freely through them ; 
bhe latter comprise those which do not give an easy pass- 
ige to it. 

Dense solid bodies, like the metals, are the best con* 
luctors of heat ;^ light, porous substances, more especially 
those of a fibrous nature, are the worst conductors of heat. 

The dilTereiit conductiDg power of various solid sabstances may be strik* 
figly shown by taking a series of rods of equal length and thickness, coating 
me of their extremities with wax, and placing the other extremities equally 
in a source of heat The wax will be found to entirely melt off from some 
of the rods before it has hardly softened upon others. 

What is the ^^^- Liquids are almost 

^"""^of^iiq- absolute non-conductors of 
t 




Fig. 198. 



heat. 

If a small quantity of alcohol be poured on the sur- 
boe of water and inflamed, it will continue to bum 
for some time. (See Fig. IdS.) A thermometer, 
immersed at a sraaU depth below the common sur* 
Eace of the spirit and the water, will fail to show any 
increase in temperatura 

Another and more simple experiment proves the 
lame iext ; as when a blacksmitii immerses his red- 
act iron in a tank of water, the water which sur- 
rounds the iron is made boiling hot, while the water 
aot immediately in contact with it remains quite cold. 

Fig. 199. If a tube nearly filled with water is held 

OY^ a spirit lamp, as in Fig. 199, in such a 
manner as to direct the fiame against the 
upper layers of the water, the water will be 
observed to boil at the top, but remain cool 
below. If quicksilver, on the contrary, be 
so treated, its lower layers will speedily be- 
come heated. The particles of mercury will communicate the heat to each 
^ther, but the particles of water will not do so. 

A stone, or marble hearth in an apartment, feels colder to 

-tone, or mar- the feet thjjn a woolen carpet, or hearth-rug, not because thB 

l»le hearth feel q^c is hotter than the other, for both are really of the same 
Solder than a j 

carpet? temperature, but becauso the stone and marble are good 

* The folloiring table exhibits the relative conducting power of different substances, 
khe ratio expressing the condaeting power of gold being taken at 100 ; 

Tin 30-38 

Lead 17*96 

Marble .... 2-34 

Porcelain . . . . 1*22 

Brick earth . . . 1*13 

10 




Gold 




. ino-00 


Platinum 




. 98*10 


Silver 




. 97-30 


Copper . 




. 89-82 


Iron 




. 87-41 


sane 




. 86*37 
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oonductorsy and the woolen carpet and bearUi-rog very bad conductors. 
The action of the two substances is as follows: — As soon as the heartb- 
fitone has absorbed a portion of heat from the feet, it instantly disposes 
of it by conducting it away, and calls for a fresh supply ; Imd this ac- 
tion will continue until the stone and the foot have estal^i^ied an equili- 
brium of temperature between them. The carpet and the rug also absorb 
heat from the feet in like manner, but they conduct or convey it away so 
dowly, that its loss is hardly perceptibla 

Most varieties of wood are bad conductors of heat ;. hence, though one end 
o: a stick is blazing, the other end may be quite cold. Cooking vessels, for 
this reason, are often furnished with wooden handles^ which conduct the heat 
of the vessel too slowly to render its influx into our hands painful. For the 
same reason we use paper or woolen kettle-holders. 

To what extent ^^6. Bodics in the gaseous, or aeriform con- 
bSdiS'^^ct ditioii are more imperfect conductors of heat 
'*®*" than liquids. Common air, especially, is ooe 

of the worst conductors of heat with which we are ao- 
quainted. 

How is air 497. Air is, however, readily heated hy cod- 

heatedf vectiou. Thus, whcn a portion of air by com- 
ing in contact with a heated body has heat imparted to 
it, it expands, and becoming relatively lighter than thtr 
other portions around it, rises upward in a current, carry- 
ing the heat with it ; other colder air succeeds, and (being 
heated in a similar way) ascends also. A series of cur- 
rents are thus formed, which are called " convective cur- 
rents.'* 

In this way air, which is a bad conductor, rapidly reduces the temperature 
of a heated substance. If the air which encases the heated substance were 
to remain perfectly motionless, it would soon become, by contact, of the same 
temperature as the body itself and the withdrawal of heat would be checked : 
but as the external air is never perfectly at rest, fresh and colder portions 
continually replace and succeed those which have become in any degree 
heated, and thus the abstraction of heat goes on. 

For this reason a windy day always feels colder than a calm day of the 
same temperature, because in the former case the particles of air pass over 
US more rapidly, and every fresh particle takes some portion of heat. 

How may the 498. Thc conductiug power of all bodies is 
pwertf'iS^dies diminished by pulverizing them, or dividing 
be diminished? them into fine filaments. 

Thus saw^ust^ when not too much compressed, is one of the most perfect 
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non-conduotors of heat. Wool, for, hair and feathers, are also among the worst 

conductors of beat. 

,„^ . Woolens and furs are used for clothinir in cold weather, not 

Why *re furs ° ' 

and woolens because they impart any heat to the body, but because they 
used for doth- ^j.^ yQ^y bad conductors of heat ; and therefore prevent the 
warmth of the body from being drawn off by the cold air. 
The heat generated in the animal system by vital action has constantly a 
tendency to escape, and be dissipated at the surface of the body, and the rate 
a', which it is dissipated depends on the difference between the temperature 
t) the surface of the body and the temperature of the surrounding medium. 
By interposing, however, a non-conducting substance between the surface of 
the body and the external atmosphere, we prevent the loss of heat which 
would otherwise take place to a greater or less degree. 

The non-conducting properties of fibrous and porous sub- 

Ta ▼^ ^ stances are due almost aitoffether to the air contained in their 
the non-con- <3 

dncttng prop- interstices, or between their fibers. These are so disposed as 
ra^Unc^^dne? ^ receive and retain a large quantity of air without permitting 
it to circulate. 

The warmest clothing is that which fits the body rather loosely, because more 
hot air will be confined by a moderately loose garment than by one wjiich fits 
the body tightly. 

Blankets and warm woden goods are always made with a nap or projec- 
tion of fibers upon the outside, in order to take advantage of this principle. 
The nap or fibers retain air among them, which, from its non-conducting 
properties, serves to increase the warmth of the material 

The finer the fibers of hair, or wool, the more closely they 
enoe has the retain the air enveloped within them, and the more imperme* 
Sb*'r8 " ''n the *^^® ^^^^ become to heat In accordance with this princi- 
warmth of a pie, the external coverings of animals vary not only with the 
material ? climate which the species inhabit, but also in the same indi- 

vidual they change with the season. In warm climates the furs are generally 
coarse and thin, while in cold countries they are fine, close, light, and of uni- 
form texture, almost perfect non-conductors of heat. 

We have illustrations' of this principle also in the vegetable kingdom. The 
bark of trees, instead of being compact and hard like the wood it envelops, 
is porous and formed of fibers, or layers, which, by including more or less of 
air between their surfaces, are rendered non-conductors, and prevent tho 
escape of heat from the body of the tree. 

An apartment is rendered much warmer for being furnished with doublo 
dx)r3 and windows, because the air confined between the two surfaces op- 
poses both the escape of heat from within, and the admission of cold from 
without • 

As a non-conducting substance prevents the escape of heat from within a 
body, so it is equally efficacious in preventing the access of heat from without 
In an atmosphere hotter than our bodies, the effect of clothing would be to 
keep ihe Mif eoel Fkmnel is one of the warmest Articles of dress, yet ws 
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can not preserve ice more effectually in summer than by enveloping it in its 
folds. Firemen exposed to tho intense heat of furnaces and steam-boilers, in- 
variably protect themselves with flannel garments. 

Cargoes of ice shipped to the tropics, are generally packed for preservation 
in sawdust : a casing of sawdust is also one of the most effectual means of 
preventing the escape of heat from tlie sur&ces of steam-boilers and steam- 
pipes. Straw, from its fibrous character, is an excellent non-conductor of 
heat, and is for this reason extensively used by gardeners for incasing phuita 
and trees which are exposed to the extreme cold of winter. 
_ ^ Snow protects the soil in winter from the effects of cold in 

proteci the the same way that fur and wool protect animals, and cloth- 
wrOx from j^g jjjj^q^ Snow is made up of an infinite number of littlo 
crystals, which retain among their interstices a large amounts 
of air, and thus contribute to render it a non-conductor of heat A coverings 
of snow also prevents the earth from throwing off its heat by radiation. Th^ 
temperature of the e^rth, therefore, when covered with snow, rarely descends 
much below the freezing-point, even when the air is fifteen or twenty de- 
grees colder.* Thus roots and fibers of trees and plants, are protected from iw 
destructive cold. 

499. Clothing is considered warm or cool ac— 
circumstances cording as it iuipcdes or facilitates the passage 
lidered warm of facat to OT froui the surfacc of our bodies. 
The finer the cloth, the more slowly it con- 
ducts heat. Fine cloths, therefore, are warmer than, 
coarse onesv 

"Woolen substances are worse conductors of heat than cotton, cotton than 
silk, and silk than linen. A flannel shirt more effectually intercepts heat 
than cotton, and a cotton than a linen one. 

The sheets of a bed feel colder than tlie blankets, because they are better 
conductors of heat, and carry off the heat more rapidly from the body, the 
actual temperature of both, however, is the same. For the same reason, a 
linen handkerchief is cooler and more agreeable to the face than a cotton one. 

Cellars feel cool in summer, and warm in winter, because the external air 

• " Few can realize the protecting value of the warm coverlet of snow. No eider-down 
in the cradle of an infant is tucked in more kindly than the sleeping-dress of winter about 
the feeble flower-life of the Arctic regions. The first warm snows of August and Septcm* 
ber, falling on a thickly-blended carpet of grasses, heaths and willows, enshrine the 
flowery growths which nestle around them in a non-conducting air-chamber ; and -^ 
each successive snow increases the thickness of the cover, we have, before the intense ci.Id 
of winter sets in, a light cellular bed, covered by drift, six, eight, or ten feet deep, i.t 
which the plant retains its vitality. The frozen sub-soil does not encroach upon this nar- 
row cover of vegetition. I have found, in mid-winter, in t^fc liigh latitude of 78°, tho 
surface so nearly moist as to be friable to the touch ; and on the ice-floes commencing 
with a surface temperature of 30° below zero, I found, at two feet deep, a tern perat 'ire <tf 
8* below zero, at four feet 2* above zero, and at eight feet 26° above zero. My experi- 
ments prove that the conducting power of snow is proportioned to Its compreuion by 
vindB, rains, drifts, and congeUUion.**->PB. Kansas Second Arctic Eaptditimiu , 



^ bOMHtJinCATIOK OF ttEAT. 221 

ibt free access into thetn ; in consequence of which thej remain almost at 
yen temperature, which in summer is about 10 degrees colder, and in 
3r about 10 degrees warmer than the external air. 

500. Refrigerators, used for the preservation of animal and 
pie are vegetable substances in warm weather, are double-walled 
erators boxes, with the spaces between the sides filled with powdered 

con. charcoal, or some other porous, non-conducting substance. 
®^^ The so-called "fire-proof" safes are also constructed of 

le or treble walls of iron, with intervening spaces between them filled 
gypsum, or " Plaster of Paris.'* This lining, which is a most perfect 
»nductor, prevents the heat from passing from the exterior of the safa 
B books and papers within. The idea of applying " Plaster of Paris" in 
^ay for the construction of safes, originated, in the first instance, from a 
man attempting to heat water in a tin basin, the bottom and sides of 
b were thinly coated with this substance. The non-conducting proper- 
►f the plaster were so great as to almost entirely intercept the passage of 
eat, and the man, to his surprise, found that the water, although directly 
the fire, did not get hot. 

01. It has been already stated that liquids and gases 
non-conductors of heat, and can not well be heated, 
a mass of metal, or any solid, by the communication 
eat from particle to particle. 

can not ThIs peculiarity is owing to the mobility 
be h^t which subsists among the particles of all fluids, 
j?M*wi! and to the change in the size of the particles, 
which is invariably produced by a change in 
r temperature. 

e constituent particles of solid bodies being ircapable of changing their 
ve position and arrangement, the heat can only pass through them, fi:x)m 
3le to particle, by a slow process ; but when the particles forming any 
im of liquid are heated, their mass, expanding, becomes 
•r, bulk for bulk, than the colder stratum immediately 
) it, and ascends, allowing tho.superior strata to descend. 

i8 water 502. When the heat enters at 
'^^'^'^ the bottom of a vessel containing 
3r, a double set of currents is immediately 
Wished — one of hot particles rising to- 
1 the surface, and the other of colder par- 
js descending]: to the bottom. The por- 
of liquid which receives heat from below 
ius continually diffused through the other 
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parts, and the heat is communicated bj the motion' of thd 
particles among each other. 

These currents take place so rapidly, that if a thermometer be placed at 
the bottom and another at the top of a long jar, the fire being applied below, 
the upper one will begin to rise almost as soon as the lower one. The 
movement of the particles of water in boiling will be understood by reference 
to Fig. 200. Th^ may be rendered visible by adding to a flask of boiling 
water a few small particles of bituminous coal, or flowers of sulphur. 

Air and other gases are heated in precisely the same manner aa wat^i; 
and this method of communicating heat is termed convection. 

Heat, however, passes by conduction between the particles of both liquids 
and gases, but to such a slight extent, that they were for a long time re- 
g^arded as entirely incapable of conducting heat. 

In what man- ^03. The pFoccss of cooling in a liquid is 
SSiid? "'*'''* directly the reverse of that of heating. The 
particles at the surface, by contact with the 
air, readily lose their heat, become heavier, and sink, while 
the warmer particles below in turn rise to the surface. 

To heat a liquid, therefore, the heat should bo applied at the bottom of 
the mass ; to cool it, the cold should be applied at the top, or surface. 

The facility with which a liquid may be heated or cooled depends in a great 
degree on the mobility of its particles. Water may be made to retain its 
heat for a long time by adding to it a small quantity of starch, the particles 
of which, by their viscidity or tenacity, prevent the free circulation of the 
heated particles of water. For the same reason soup retains its heat longer 
than water, and all thick hquids, like oil, molasses, tar, etc, require a consid- 
erable time for cooling. 

„ , 504. When the hand is placed near a hot body suspended 

phenomena of in the air, a sensation of warmth is perceived, even for a 
radiation. considerable distance. If the hand be held beneath the body, 

the sensation will be as great as upon the sides, although the heat has to 
shoot down through an opposing currett of air approaching it. This eflTect 
does not arise from the heat berag convoyed by means of a hot current, since 
all the heated particles have a uniform tendency to rise ; neither can it de- 
pend upon the conducting power of the air, because aeriform substances pua» 
sess that power in a very low degree, while the sensation in the present caao 
is excited almost on the instant. This method of distributing heat, to di:j- 
tinguish it from heat passing by conduction, or convection, is called radiation, 
and heat thus distributed is termed radiant, or radiated heat. 

T. « V .. 505. All bodies radiate heat in some meas- 

Vo all bodies 

radiate heat urc, but not all cquallv well ; radiation beins: 

squally well? ' , ii •• 

in proportion to the roughness of the radiating 
surface. All dull and dark substances are, for the most 
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part, good radiators of heat ; bat bright and polished sub- 
stances are generally bad radiators.* Color, however, 
alone, has no effect oa the radiation of heat. 

If a metal sur&ce bo scratched, its radiating power is increased. A liquid 
ooDtaiaed in a bright, higbly-polisliod metal pot, will retain its beat much 
loQger than in a dull and blackened one. This is not due to the polish or 
brigfatDess of the snr&oe, but to the &ct that, by polishing, the surfiice is ren- 
dered dense and smooth, and such surfaces do not allow the heat to escape 
I readily. If we cover the polished metal surface with a thin cotton or linen 
doth, 90 as to render the sui&ce less dense, the radiation of heat, and oonse- 
qoent cooling, will proceed rapidly. 

Blade lead is one of the best known radiators of heat, and on this account 
is generaUy employed for the blackening of stoves and hot-air flues. As a 
^ polish is un&vorable to radiation, stoves should not be too highly polished 
vitfa this substance. 

Heat radiated from the sun is lUl radiant heat 

^ 506. Heat is propagated through space by 

propagated by radiation in 8trai|dit lines, and its intensity 
vanes according to the same law which governs 
the attraction of gravitation, that is, inversely as to the 
square of the distance.f 

This the heating efiects of any hot body is nine times less at three feet than 
atone; sixteen times less at four feet; and twenty-five times less at five. 

The velocity with which radiant beat moves through space 
lodtf does nl is, in all probability, the same as the velocity of light Some 
^hat heat authorities, howev^, consider it to be only four fiftlis of that 
of light, or about 164,000 miles in a second of time. 

Am radiation 507. Thc radiation of heat goes on at all 
■tenttyfromioi timcs, and from all surfaces, whether their 
' temperature he the same or different from 

that of surrounding objects : therefore the .temperature 
of a body falls when it radiates more heat than it absorbs; 
its temperature is stationary when the quantities emitted 
and received are equal ; and it grows warm when the ab* 
sorption exceeds the radiation. 

* The sctioii of a bladcened sarfaee of tin being assumed as 100, It has been fonnd that 
that of a steel {date was 15; of (dean tin, 12; of tin scraped bright, 16 ; when scraped with 
the edge of a fine file in one direction, 26 ; when scraped again across, about 13 ; a sur- 
face of clean lead, 19 ; corered with a gnj crust, 45 ; a thiu crust of isinglass, 80 ; rosin 
H; writing-paper, 98; ice, 8& 

' t It ia an ezoeedinc^y corioas ftct that this law applies to all ph3nsical influences that 
tpntd from a center, saeh as grayitation. heat, light, electrical forces, magnetism and 
•Dood ; and to a9 aeDtnl fSwroea, when not weakened by any resistance or opporing fbroe^ 
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. If ft "bod^, at aiqr te m per atu re, be pUoed among other bodies, ft will afl^ 
thdr condition of temperature, or as we expr^ it, IhermaUy ; just as a candle 
brougiit into a room illuminates all bodies in its presence ; with this difference, 
however, that if the candle be extinguished, ncT more light is diflused by it ; 
but no body can be thermally extinguished. All bodies^ howeyer low be 
tiieir temperature^ contain heat, and therefore radiate it 

If a piece of ice be held before a thermometer, it will cause 
JJ^^jJ^^* the mercury in its tube to fiUl, and henoe it has been sup- 
■bk when posed that the ice emitted rays of cold. This Supposition is 
£^]f^^ ^""^ eiToneous. The ice and the thermometer both radiate heat^ 

and each absorbs more or less of what the other radiates to- 
ward it* But the iee, being at a lower temperature than the. tbennometer, 
radiates less than the tiiermometer, and therefin^ the thermoipeter absorbs 
less than the ioe^ and ocmsequently fiUls. If the thermometer placed in the 
presettoa of the' ice had been at a low^ temp^ature than the ioe^^ it would, 
for like leuaaaB, have risen. The ice in that case would have warmed the 
ttiermometer. 

What do ve ^^' I^^^^^^'D^ o^ ®ff®<^ ^bich are propagated in straight 
jamn t^ nyt lines only (such as light and radiant heat), are most conve- 
«f heat or niently considered by dividing them into innumerable straight 

lines, arrays; not that there are any such divisiona in nature^ 
but Ifaey enable us more readily to comprehend the nature of the phenomena 
with which these principles are concerned. 

When ndiant 310. WboD rajs of heat radiated fioifl^one 
thl?*J2Sl2^ ^dy fall upon the surface of another body, they 
^5^%^ ™^y ^^ disposed of in three ways : 1. They 
^^ **^' may rebound from its surface, or be reflected ; 

2. They may be received into its surface, or be absorbed ; 

3. They may pass directly through the substance of the 
body, or be trai^smitted. 

511. A ray of heat radiated from the 8ur« 
ner is heatre- facc of a bodv procecds lu a straidit line until 

fleeted? • ' 

it meets a reflecting surface, from which it 
rebounds in another straight line, the direction of which 
is determined by the law that the angle of incidence is 
equal to the angle of reflection. 

The manner in which heat is reflected is strikingly shown by takrag two 
concave mirrors, Mand N, Kg. 201, of bright metal, about one foot in diameter, 
and placing them exactly opposite to each other at a distance of about ten 
feet In the focus of one mirror, as at A, Is placed a heated body, as a mass 
of red hot iron, and in the focus of the otlier mirror, as at B, a small quantity 
of gunpowdei^ or apiece of phosphorus. The rays of heat, radiated in diverg* 
ittg lines from the hot metal, strUce upon the surface of the mirror M,'and are 
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reflected by it in parallel lines to the surface of the opposite mirror, K^ where 
they will be caused to converge to its focus, B, and ignite the powder or 
phosphorus at that point 

Fig. 201. 





whatareffood ^^^' Polished metallic surfaces constitute 
reflecton of the bcst reflcctors of heat ; but all bright and 
light colored surfaces are adapted for this pur- 
pose to d greater or less degree.* 

Water requires a longer time to become hot in a bright tin vessel than in a 
dark cojored one, because the heat is reflected from the bright surface, and 
does not enter the vessel 

How does the ^13. The powcF of absorbing heat varies 
KSfSg^'^bSt with almost every form of matter. Surfaces 
^'*^* are good absorbers of heat in proportion as 

they are poor reflectors. The best radiators of heat also 
are the most powerful absorbers, and the most imperfect 
reflectors. 

Dark colors absorb heat from the sun more abundantly than light ones. 
This may be proved by placing a piece of black and a piece of white cloth 
upon the snow exposed to the sun ; in a few hours the black clotli will have 
melted the snow beneath it, while the white cloth will have produced little 
or no effect upon it 

The darker any color is, the warmer it is, because it is a better absorbent 
of heat The order may be thus arranged : 1 , black (warmest of all) ; 2, violet ; 
3, indigo; 4, blue; 5, green; G, red; 7, yellow; and 8, white (coldest of all). 

* Of -100 rays fidlinR at an anprle of GO* from th« perpendicular, polished gold will reflect 
T6.'aUTer6^; bram,6?; brau withoat pqlinh, 60 ; polished brass varnished. 41 : looUnt- 
^•M, 90 ; glaas plate blackened on the back, 12 : and metal plate blackened, 6. 

10* 



926^ WEU^fr KATTTRAL PHIL08QFHT. 

A piece of brown paper submitted to the action of a burning-glass, ignite 
much more quicklj than a piece of white paper. The reason of tliis is, that 
the white paper reflects the rays of the sun, and though but sliglitly heated 
appears highly luminous ; while the brown paper, which absorbs the rays, 
readily becomes heated to ignition. For the same reason a kettle whose bot- 
tom and sides are covered with soot, heats water more readily than a kettle 
whose sides are bright and clean. 

Light-colored fabrics are most suitable for dresses in summer, since they 
reflect the direct heat of the sun, and do not absorb it ; black outside gar- 
ments, on the contrary, are most suitable for winter, as they absorb heat 
readily, but do not reflect it. 

Hoar-frost, in the spring and autumn, may be observed to remain longer 
in the presence of the morning sun, on light-colored substances than upon the 
dark-colored soil, eta * the former do not absorb the heat, as the dark-colored 
bodies do, but reflect it, and in consequence of this they remain too cold to 
thaw the frost deposited upon their surfaces. 

514 Air absorbs heat very slowly, and does not readfly 
inospbere heat- part with it. Air rarely radiates heat, and is not heated to 
«* ^ great extent by the direct rays of the sun . The sun, however, 

heats the surface of the earth, and the air resting upon it is heated by contact 
with it, and ascends, its place being supplied by colder portions, whicfa in tunr 
are heated also. 

. This reluctance of air to part with its heat occasions some very curious dif- 
ferences between its burning temperature and that of other bodies. ,,Metals, 
which are generally the best conductors, and therefore communicate heat 
most readily, can not be handled with impunity when raised to a temperature 
of more than 120° F. ; water becomes scalding hot at 150® F. ; but air ap- 
plied to the skin occasions no very painful sensation when its heat is far be- 
yond that of boiling water. 

Some curious experiments have been made in reference to the power of the 
human body to withstand the influence of heated air. Sir Joseph Banks en- 
tered an oven heated 52° above the boiling point, and remained there some 
time without inconvenience. During the time, eggs, placed on a metal frame, 
were roasted hard, and a beefsteak was overdone. But though he could 
thus bear the contact of the heated air, he could not bear to touch any metal- 
he substance, as a watch-chain, money, etc. Workmen, also, enter ovens, 
in the manufacture of molds of plaster of Paris, in which the thermometer 
stands 100° above the temperature of boiling water, and sustain no mjury. 

In what man. 515. Heat, in passiDg through most sub- 
tSnsraitte^'***' stauces, OF Tuedia, is reta;inecl, or intercepted 
'^uutetan!^? ^^ ^^^ passage in a greater or less degree. The 
capacity of solids and liquids for transmitting 
heat is not always in proportion to their transparency, or 
capacity for transmitting light. 
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' 616. The heat of the sun passes through traDsparent 
ujdies without loss ; bat heat from terrestrial sources is 
in great part arrested by many substances which allow 
light to pass freely ,^such as water, alum, gl&ss, etc. 

Thus, a plate of glass held between one^s face and the sun will not proteol 
iXf but held between the face and a fire, it will intercept a large proportion of 
Cho heat 

617. Those substances which allow heat to pass freely 
through them, are called dtcUhermanotiSy and those which 
retain nearly all the heat they receive, are called ather- 
tnanous. 

Rock-salt allows heat to pass through it moro roadily than any other known 
substance ; while a thin plate of alum, which is nearly transparont, almost 
entirely intercepts terrestrial heat Heat, indeed, will pass more readily 
through a black glass, so dark that the sun at noon is scarcely discernible 
through it, than through a thin plate of clear alum. Water is one of the least 
diathermanous substances, although its transparency is nearly perfect I^ 
therefore, it is desired to transmit light without heat, or with greatly dimin- 
ished heat, it is only necessary to let the rays pass through water, by which 
they will be strained of a great part of their heat 

How d 8 th ^* ^^ ^^^^ found that the power of heat to penetrate a 

temperature of dense, transparent- substance, is increased in proportion as the 
hi^hit^irwt temperature of the body from which it is radiated is increased, 
ita transmiB- Heat, also, accompanied by light, is transmitted more readily 
■***"*' than heat without light 

J - . 518. Heat and light come to us conjointly from the sun. 

heat siniple or When a ray of light is caused to pass through a prism it is 
lunaturc? ^^ analyzed or separated into seven brilliant colors, or element- 
ary parts. If the heat ray which accompanies the light ii» 
treated in a shnilar manner, our brgans of sight are po constituted that we 
Qo not discover any separation to have taken place in it. It is, however, ea« 
tablibhed beyond a doubt, that in the same manner as a ray of white light 
can be modified and divided, so a ray of radiant heat can be separated into 
parts poesessing qualittes corresponding to the various colors. 

SECTION III. 

THE EFFECTS OP HEAT. 

What effect ^19. The general and most ohvious effect o*. 
dtSi^'^/'iSi ^®^* ^P^" material substances, is to expand 
bodieii/ them, or increase their dimensions. 
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isfhe form of 520. The form of all bodies appears, to be 
m^^it^ entirely dependeDt on heat ; by its increase 
solids are converted into liquids, and liquids 
into vapor; by its diminution vapors are condensed into 
liquids, and these in turn become solids. 

If matter ceased to be influenoed by heat, all liquids, vapors, and doubtless 
even gases, would become permahenUy solid, and all motion on the sor&ce of 
ttie earth Vould be arrested 

i¥hat an tii* ^^l. The three most apparent effects of 
pSrat™Sb£ ^^^ BO far as relate to the form and dimen- 
of heat? gj^QQ Qf bodies, are Expansion, Liquefaction, 

and Vaporization. 

. Heat operates to produce expansion by introducing a repuleive ibrce among 
the particles of the body it pervades. This repulsive force, in the case of 
solids, weakens or overcomes the attraction of cohesion, and gives to the par- 
tides of all matter a tendency to separate, or increase their distance from one 
another. Hence the general mass of the body is made to occupy a larger 
qnoe, or expand. 

Id what bodies ^22. The expausion occasioned by heat is 
dSS?h?^^Sl greatest in those bodies which are the least in- 
flrt expanaion? fluenccd by thc attraction of cokesion. Thus 
the expansion of soh'ds is comparatively triflini]^, that 
of liquids much greater, and that of gases very consid- 
erable. 

Do bodies con. 523. The expansion of the same body will 
^nd M long continue to increase with the quantity of heat 
SemT ^^" ^^^* enters it, so long as the form and chemi- 
cal constitution of the body is preserved. 
524. Among solids the metals expand the most ; but 
an iron wire increases only 1-282 in bulk vhen beatcd from 
:)2® of the thermometer up to 212. 

Solids appear to expand un-formly from the freezing point of water up to 
212°, the boilinor point of water; — that is to sav, the increase of volume which 
attends each dejrree of temperature whicli the body receives is equal. Whon 
solids are elevated, however, to temperatures above 212°, they do not dilato 
iUii"onnlv, but expaud in an ,increa«inpr ratio. 

The expansion of solids by heat is clearly shown by the following experi- 
ment Fiff. 202 : m represents a ring of metal, throujrh which, at the ordinary 
temperature, a small iron or copper ball, a, will pass freely, this ball being a 
little less than the diameter of the ring. If this ball be now heated bj the 
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What applica- 
tions of the 
ezpantdon of 
solids hj heat 
are made in 
the arts? 




With what de- 
gree of force 
do twdies ex- 
pand and con- 
tract? 



^me ot an aloobd lamp, it will become so Fio. 202. 

£ir expanded by heat as no longer to pass 
through the ring. 

The expansion of solids 

by heat is made applicable 

for many useful purposes in 

the arts. The tires of wheels, 

and hoops surrounding 
w^ter-vats, barrels, etc., are made in the 
fii^t instance somewhat smaller than the 
frame- work they are intended to surround. 
Tliey are then heated red hot and put on 
in an expanded condition ; on cooling, they 

contract and bind together the several parts with a greater force than could 
be conveniently applied by any mechanical means. In hke manner, in con- 
structing steam-boilers, the rivets are &stened while hot, in order that they 
may, by subsequent contraction, fasten the plates together more firmly. 

525. The force with which bodies expand 
and contract under the influence of the in- 
crease or diminution of heat, is apparently 
iiTCsistible, and is recognized as one of the 
greatest forces in nature. 

Tlie amount of force with which a solid body will expand or contract is 
equal to that which would be required to compress it through a space equal 
to its expansion, and to that which would be required to stretch it through a 
space equal to its contraction. Thus, if a pillar of metal one hundred inches 
in height, being raised in temperature, is augmented in height by a quarter 
of an inch, the force with which such increaso of height is produced is equaJ 
to a weight which being placed upon the top of the pillar would compress it 
10 as to diminish its height by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in length, bo 
contracted by diminished temperature, so as to render its length a quarter of 
an inch less, the force with which this contraction takes place is equal to that 
which being applied to stretch it would cause its length to be increased by a 
quarter of an inch. 

This principle is sometimes practically applied when great mechanical force 
IS required to be exerted throujrh small spaces. Thu^ walls of buildingg 
which, from a subsidence of the foundation, or an unequal pressure, have been 
thrown out of their perpendicular position, and are in danger of falling, may 
be restored in tlie following manner : A series of iron rods are carried across 
the buildinpr, passing through holes in the walls, and secured by nuts on the 
outside. The rods are then heated by lamps until they expand, thereby 
causing their ends to project beyond the building. The nuts with which 
these extremities are provided are then screwed up until they are in close 
eoDtact with the' outside wall, the lamps are then withdrawn and the rodfl 
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allowed to eaoL In eooling thejr gradnaUy oontrae^ and byibflfr ^P^iAtn^ 
tion draw up the walls. 

On account of the expansion of metal' bj heat, the succeeal^e laOa which 
compose a line of railway can not be placed end to end^ bat a small space is 
left between their extremities for expansion. 

A stove snaps and crackles when a fire is first kmdled in it, and also when 
the fire in it is extinguished. This noise is occaaoned bj the expansion and 
contraction of the several parts consequent- on the increase and diminutkm of 
heat 

A glass or earthen yessel is liable to break when hot water is poured 
into it| on acoount of the unequal expansion of the inner and outer suiiaoea 
Glass and earthen ware being poor conductors of heat, the inner sor&ces 
m contact with the hot water become heated and e^cpand befisre the outer are 
alfected; the tendency of this is to warp <^ bend the sides uaequally, and as 
Ihe brittle material can not bend, it Iffeaks. 

' Kails in old houses are ofte^ loose and easily drawn out; the iron expands 
in summer and contracts in winter more than the wood into which it has 
been driven, and thus in time the opening is enlarged. ^ 

When the stopper of a decanter or smelling-bottle sticks, a dotii dipped in 
hot wat3r, and applied to the neck of the bottle ^*ill fi^uently loosen it, since 
by the heat of the dolh its dimensions are expanded and enlarged. 

The tone of a piano is higher in a cold than in a wann room, for the reason 
that the strings, being contracted by cold, are drawn, tighter. 

„ ^ , _ , 526. Liquids expand through the agency of 

To what extent , ^ * *,. -i ^ i ^ 

do iiquida ex- hcat more unequally, and to a much greater 

jandbyheat? . xi i-j 

degree than solids. 
A column of water contained in a cylindrical glass 
vessel will expand 2*3 in length on being heated from 
the freezing to the boiling point, while a column of 
iron, with the same increase of temperature, will expand 
only -iij. 

A fiimiliar illustration of the expansion of water by heat is seen in the over- 
flow of full vessels before boiling commences. Different liquids expand very 
unequally with an equal increase in temperature. Spirits of wine, on beiu^ 
heated from 32^ to 212^, increase one ninth in bulk; oil expands about one 
twelfth ; water, as before stated, about one twenty-third. A person buying 
oil, molasses and spirits in winter, will obtain a greater weight of the same 
material in the same measure than in summer. Twenty gallons of alcohol 
bought in January, will, with the ordinary increase of temperature, become, 
by expansion, twenty-one gallons in July. 

What pecuu- 527. Water, as it decreases in temperature 
^Soii**'doS toward the freezing point, exhibits phenomena 
«rattf exhibit? ^y^jj ^re wholly at variance with the general 
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kw that bodies expand by heat and contract by cold, or 
by a withdrawal of heat.** 

As the temperature of water is lowered, it continues to contract until it 
arrives at a temperature of 39° F., when all further contraction ceases. The 
volume or bulk is observed to remain stationary for a time, but on lowering 
the temperature still more, instead of contraction, expansion is produced, and 
this expansion continues at an increasing rate until the water is congealed. 
At the moment also of its con version into ice, it undergoes a still farther 
expansion. 

^^ 528. Water attains its greatest density, or 

of the greatest tho gfcatest quantity IS contained in a given 
bulk, at a temperature of 39 "" F. 

As ibe temperature of water continues to decrease below 39^, the pomt of 
^ greatest density, its particles, from their expansion, necessarily occupy a 
larger space than those which possess a temperature somewhat more elevated. 
The coldest water, therefore, being lighter, rises and floats upon the surface 
of the warmer water. On the approach of winter this phenomenon actually 
takes place in our lakes, ponds and rivers. When the surface-water becomes 
sufficiently chilled to assume the form of ice, it becomes still lighter, and con- 
tinues to float By this arrangement, wator and ice being almost perfect 
non-conductors' of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chill »d throughout. 

If ^^ter constantly grew heavier as its temperature diminished (as is the 

case with most liquids), the colder particles at the surface would constantly 

sink, until the whole body of water was reduced to the freezing point. Again, 

if ice was not lighter than water, it would sink to the bottom, and by the 

continuance of this operation, a river or lake would soon become an immense 

solid mass of ice, which the heat of summer would be insufficient to dissolve. 

The temperate regions of the earth would thus be rendered uninhabitable. 

Among all the phenomena of the natural world, there is no more striking 

illustration of the wisdom of the Creator, and of the evidences of design, than 

in this wonderful exception to a great general law. 

__ - The expansion of water at the moment of freezing is attrib- 

Why does wa- , ^ , ,. o • • , ^ 

ter expand in uted to a new and peculiar arrangement of its particles. Ice 

freexiog? ^ jjj foajity^ crystallized water, and during its formation the 

particles arrange themselves in ranks and lines which cross each other at 
angles of 60° and 1 20°, and consequently occupy more space than when 
liquid. This may be seen by examining the surface of water in a saucer whil* 
froezdng. 

A beautiftil fllnstration of this crystallization of water in freezing is seen in 
the frost-work upon windows in winter, caused by the congelation, of the 
vapor of the room when it comes in contact with the cold surface of the glass. 

* ▲ few other liquids besides vater expand vitb a reduction of temperature. Fused 
IroiL, antimony, dnc, and bismuth, arc examples of such expansion. Mercury is a re- . 
flWTlriMy Inrtinfts of the reyarse, for when it freeses, it sufEtra a y%rj great contraction. 
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An these fH»t-wDik figures are limited by the laws of crjital&atioii, and tin 
lines which bound them, form among themselves no angles but those of 
30O, 60^, and 120o. If we fhicture thin ice, by allowing a pole or weight to 
fidl upon it, the fracture will have more or less of regularity, being generallj 
in the form of a star, with six equi-distant radii, or angles of 60^. 

629. The force exerted by tiie expansion of water in the 
fo^ doeTwL ^^^ ^ freezing is very great As an illustration, the foUowii^ 
t««i«nd fa experiment may be quoted : — Cast-iron bomb-shells, thirteen 
^**^ inches in diameter and two inches thiclc, were filled with wa-. 

tcr, and their apertures or fuse-hdes firmly plugged witii iron bolts. Thus 
prepared, they were exposed to the severe cold of a Canadian winter, 
at a temperature c^ about 19^ below zera At llie moment the water 
fioze, the iron plugs wa« violently thrust out, an2l the ice protruded, and 
fa some instances tlie shells burst asunder, thtis demonstrating tiie alo^ 
mous interior pressure to wbidi they were subjected by water twsmninga 
solid state. 

The rounded and weather-worn appearance qf rocks is mainly doe to tlis 
expansion of freezing water, which penetrates into their fissures, and is ab^ 
sorbed into their pores by capillary attractioQ. . In fifeezing, it expands and 
detaches'successive fi*agments, so tliat the original sharp and almipt outline is 
gradually rounded and softened down. 

The burstii^ of earthen wat^r vessals, and of water pipes, by the fireezing 
of water contained in them, are fiuniliar illustrations of the same principle. 

By allowing the water to run in a service-pipe, we prevent its freezhij^, be- 
cause the motion oi the current prevents the crystals from forming and* 
attaching themselves to the sides of the pipe. 

At hat te ^^^' '^^^ ordinary temperature at which water fireezes is 

perafcare does 32^, Fahrenheit's thermometer. This rule applies only to 
w*ter freeze? j[j^gjj ^yrater ; salt water never freezes until the surfkce is cooled 
down to 27°, or five degrees lower than the freezing point of winter. 

Under some circumstances pure water may be cooled down to a tempera* 
ture much below 32° without freezing. Thus, if pure, recently-boUed water, 
be cooled very slowly and kept very tranquil, its temperature may be low- 
ered to 21° without the formation of ice ; but the least motion causes it to 
congeal suddenly, and its temperature rises to 32°. 

. 531. The ice produced by the freezing of sea or salt water 

lee prodnoed is generally fresh and free from salt, sinoe water in freezings 
?7 STsJt^al ^ sufficient fireedom of motion be allowed to its partides, ex- 
tar flree from pels all impurities and coloring matters. The ice formed in 
■^*' the congelation of a solution of indigo is colorless, since the 

water in which the indigo was dissolved expels the blue coloring matter in 
freezing. 

What is the Blocks of ice are generally filled with minute air-bubbles ; 

origin of the this is owing to the fact that the water in freezing expels the 

minute habhles j^j^ contained in it, and many of the liberated bubbles beoomo 

lodged and imbedded in the thiokenmg fimd. 
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In wbat nan- 582. Gases and aeriform substances expand 
^^byhSf l-490th of the bulk which they possess at 32° 
for every degree of heat which they receive 
above that pointy and contract in the same proportion for* 
every degree of heat withdrawn from them. 

Thus, 490 cubic inches of air at 32° would so expand as to occupy an inch 
more space at 33°, and bj the addition of another degree of heat, raising its 
temperature to 34° it would occupy an additional inch, and so on. In a like 
manner, by the withdrawal of heat, 490 cubic inches of air would occupy an 
indi less e^oe at 31° than at 32° ; two inches less at 30°, and so on. The 
same law holds good for all other gases, and for vapors and steaoL 
• niiistrations of the expansion of air by heat are most familiar. If a bladder 
partially filled with confined air be laid before the fire, the air contained in it 
may be expanded to a degree sufficient to burst the bladder. Chestnuts laid 
upon a heated sar&oe, burst with a loud report on account of the expansion 
of the air within their shellsL The process of warming and ventilating build- 
ings depends entirely upon the application of this principle of the expansion 
and contraction of air by the increase and diminution of heat 

How max the ' 533. As the magnitude of every body changes 
^SSlSSSn*rf with the heat to which it is exposed, and as 
pS2* to* S!^ the same body, when subjected to calorific in- 
m»rai|inent fluenccs uudcF the samo circumstances has al- 
ways the same magnitude, the expansions and 
contractions which are the constant eflfects of heat, may be 
taken as the measure of'the cause which produced them. 
miMk are the 534. The instruments for measuring heat 
^2SSS^*hS *re Thermometers and Pyrometers. The for- 
•""^^ mer are used for measuring moderate tempera- 

tures ; the latter for determining the more elevated de- 
grees of heat. 

Uqoida are better adapted than either solids or gases for measuring the 
ffibcsts of heat by expansion and contraction ; since in solids the direct ex- 
panaion by heat is so small as to be seen and recognized with difficulty, and 
in air or gases it is too extensive, and too liable to bo affected by variations 
in the atmospheric pressure. From both of these disadvantages liquids are 
free. 

The liquid generally used in the construction of thermometers is mercury, 

or qoicksdlver. 

Mercury possesses greater advantages for this purpose than 

IsajmoJSSif ^^7 Other liquid. It is, in the first place, eminently dis- 

«dap^[fori^ tmguished for its fluidity at all ordinary temperatures; it 

Ihtrmometenf 18, in addition, the only body in a liquid state whose va- 



234 W£Ui8*8 NATURAL PHIL060PHT. 

riatioQS in volume^ or magnitude, through a considerable range of tempe- 
rature are exactly uniform and proportional with every increase and dim- 
inution of heat. • Mercury, moreover, boils at a higher temperature than 
any other liquid, except certain oils ; and, on the other hand, it fireezes at 
*a lower temperature than all other liquids, except some of the most vda- 
tilc, such as ether and alcohol Thus a mercurial thermometer will have a 
wider range than any other liquid thermometer. It is also attended with 
this convenience, that the extent of temperature included between melting 
ice and boiling water stands at a considerable distance from the limits of its 
range, or its freezing and boiling points. 

Deicribe the 535. The mercurial thermometer consists 68- 
SSmeS.***"^'" sentially of a glass tube with a bulb at onei 
end, partially filled with mercury. The mer- 
cury introduced through an opening in the end of the 
tube is afterward boiled, so as to expel all air and moist- 
ure, and fill the tube with its own vapor. The open end 
of the tube is then closed, by fusing the glass, and as the 
mercury cools it contracts, and collects in the bulb and 
lower part of the tube, leaving a vacuum above, through 
which it may again expand and rise on the application of 
heat. In this condition the thermometer is complete, 
with the exception of graduation. 

536. As thermometers are constructed of different dimen- 
mometers gra- sions and capacities, it is necessary to have some fixed rules 
duated ? fQj, graduating them, in order that they may always indicate 

the same temperature under the same circumstances, as the freezing-point, for 
example. To accomplish this end the following plan has been adopted : — 
The thermometers are first immersed in melting snow or ice. The mercury 
will be observed to stop in each thermometer-tube at a certain height ; tiiese 
heights are then marked upon the tubes. Now it has been asoertaiaed tM 
at whatever time and place the instruments may be afi;erward imicennd In 
melting snow or ice, the mercury contained in them will alwajrs fix ittfllf it 
jtho point thus marked. This point is called the freezing point ofiTBter. 

Another fixed point is determined by immersing the instruments In bollil^ 
water. It has been found that at whatever time or place the instnuM^tl 
are immersed in pure water, when boiling, provided the barometer standi 
the height of thirty inches, the mercury will always rise in each to a oeital^ 
lieight. This, therefore, forms another fixed point on the scale, and is fi fl M 
the boiling point " , 

Thus far all thermometors. are constructed alike. Bi M 
Sermometlr^ thermometer most generally used, and which is know^m 
of Fahrenheit Fahrenheit's, the intervals on the scale, between the tt-ebdog 
^^ "* and boiling points, are divided into 180 equal paita. This 
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FlQ. 203. 



ia Bunilarlf contiiraed below tbe freezing point to 

0, called zero, and encli division upward (mia tbat 
1 with (be Bucc«33ive DiimbcrB 1, 2. 3, etc Tbe 
>oiat will now be the 321 diviedon, and tbe boiling 
. bo tbe 2lath division. These diTiBionB are called 
ind the boiling point will tberefore be 2130, andUio 
smperature, 32°. Fig. 203 represents tlie usual ibrm 
meter, with its graduated scale. 
>mcter8 of this character are called Fafarenh^t's, 
Itch philosophical instrument-maicer who first intro- 
) melhod of graduation in the jear 1721. 
„ 537. Id addition to Fahrenheit's 

™ thermometer, two others are ex- 
'*^' tensively used, which are known 
imur's, and the Centigrade thermom-- 
thertuometer of CelBius. 
i«i- Tho onlj dilTereDce between these three 
^] kinds of Ihcrmometera is the differeoce in 
dlf- graduating the interval between tlie freezing 
'"^' and boiling points of water. Reaumur's is di- 
vided into eighty degrees, the Centigrade into 
red, and Fahrenheit's into one hundred and eighty. 
; to Reaumur, water freezes at 0°, and boils at 80° ; 
lo Centigrade, it freezes at 0°, and boils at 100°; 
ding to Falirenheit, it freezes at 32°, and boils >t 
e last, Tory singularly, commences counting, not 
lezing pomt, but 32° beloiv it. 

The difference between these 

instruments can be easily seen 

by rerpronce to Fig, 201. 

In England, Hollatid, and the 

|[ UnitedStates,lhethennometer 

t fiienerally used ia Fab- ' 
1' renbeit's. Beaumur's Ecale is used in Ger- 

I many, and the Centigrade m France, Sweden, 
I somo other parts of Europe. The scala 
tlie Centigrade is by far tho simplest and 
Bt ratiomil method of graduation, and at Iho 

II present it is almost universailj adopt(>d tot 
nthio purposes. 
38. The thermometer was invented abont 

II the year IfiOO; bnl, like many other inven- 
" tionE, the merit of its discovery is not to ba 
ascribed to one persott, bnt to be d 
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539. As the temperature is lowered, the mercaij in F*h- 
renlieiC's llienDOmeter gradually Ginks, until it reaches a point 
39° below zero, where it freezes. Mercury, therefore, can not 
be made available fur meBsurii^ cold of a grci^tcr intensity. This difHcuilj 
is, liowBver, obviated by using a. Uiernionieter filled with alcohol eoiored re*, 
as this fluid, when pure, never freezes, but will continue to sink lower and 
lower in tbe lulie as the cold increases. Such a thermometer is called s 
spirit thermometer. 

lowtahBiiof "*''■ If^ Fahrenheit's thermometer be heated, the roercnij 
ijmi Inteuiir contained in it will ri«e in tlio tube until it reaches 660°, nt 
aMMuped I wliiuh temperature it begins to boil A slight additional beat 

fbtma vapor sufficient to burst the tube. Mercury, therefore, can not be und 
to measure degreee of heat of greater intenaty than S60° F. TemperaturM 
greater than this are determined by means of the eipen«on <^ solids; aid, 
Is founded upon this principle are commonly called pyrometeiB. 
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ho pyrometer a represented in Fig, 
205. A represents a metallic bar, fixed at one end, B, but 
the pjrooieler, igfj f^g ^t the other, and in contact with the end of a pointer 
K, moving freely over a graduated scale. If the bar be heated by the flame 
of alcohol, the metal expand.'^ and preasing upon the end of the pointer, moves 
it, in a greater or less degree. In thia manner, the effect of heat, applied for 
a given length of time, to barii of different metals, haviDg the same lengtliajid 
diameter, may be determined. 
— . . ^ 541. Tlio first thermometer 
■Ir-ibermiHiH- uaed consisted of a column of 
•" ' air confined in a glass tube over 

colored water. Heal expands the air and in- 
creases the length of tlie column downward, 
pushing the water before it: cold produces a 
contrary effect The temperature is thus indi- 
cated by the height at which the water is ele- 
vated in the tube. Fig. 206 represents the prin- 
dple of Hie construction of the air-thermometer. 
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DoM libe "^ thennometer does not inform us how much heat any sub- 

mometer in- Stance contains, but it merely points out the difference in the 
m'"h "h t**^ temperature of two or more substances. All we learn by the 
substance con- thermometer is whether the temperature of one body is greater 
**^® ' or less than that of another ; and if there is a difference, it is 

expressed numerically — ^namely, by the degrees of the thermometer. It must 
be remembered that these degrees are part of an arbitrary scale, selected for 
convenience, without any reference whatever to the actual quantity of heat 
present in bodies. 

After the ex- 542. The first eflfect produced by heat upon 
Eui*bv heJl solids is expansion. If the keat be augmented, 
fiwfigrcltobi ^^^J change their a<jgregate state and melt, 
■enred? qj. becomc liquid. Many solids become soft 

before melting, so that they may be kneaded ; for instance, 
wax, glass, and iron. In this position, glass can be bent 
and molded with facility, and iron can be forged or welded. 
whatisLique- ^43. By Liqucfaction we understand the 
Action? conversion of a solid into a liquid by the 
agency of heat, as solid ice is converted into water by the 
heat of the sun. 

Heat is supposed to convert a solid into a liquid, by forcing its constituent 
particles asunder to such an extent that the force of cohesion is overcome or 
destroyed. 

What is soiu- 544. When a solid is immersed in a liquid, 
^**"^ and gradually disappears in it, the process 
is termed solution, and not liquefaction. A solution is 
the result of an attraction or affinity between a solid and 
a fluid ; and when a solid disappears in a liquid, if the 
compound exhibits perfect transparency, we have an ex- 
ample of a perfect solution. 

w- , , When a fluid has dissolved as much of a solid as it is^ 

When is a sola- 

Uon said to be capable of domg, it is said to be saturated ; or, in other words,' 
saturated? ^^^ affinity or attraction of the flui I for the solid continues to 

operate to a certain point, where it is overbalanced by the cohesion of the 
solid; it then ceases, and the fluid is said to be saturated. 
J, , A solution is a complete union ; a mixture is a mere me- 

aoiution dififer chanical union of bodies. 

tw?? * ^°^' ^^ ™°^*' cases, the addition of heat to a liquid greatly in- 
creases its solvent properties. Hot water will dissolve much 
more sugar than cold water ; and hot water will also dissolve many things 
which cold water is unable to affect 



238 WELLB'S NATURAL PHILOSOPHY. 

What i8 va- ^45. If heat be imparted in sufBcient quan- 
poritatton? ^j|.y ^^ ^ hoAy in a liquid state, it will pass into 

a state of vapor. Thus, water being heated sufficiently 
will pass into the form of steam. This change is called 
Vaporization. 

What u Con- ^^^' I^ * body iu a state of vapor lose heat 
densation? jj^ sufficient quantity, it will pass into a liquid 

state. Thus, if a certain quantity of heat be abstracted 
from steam, it will become water. This change is called 
Condensation. 

The change from a state of vapor to a liquid is termed condensation, he- 
cause, in 80 doing, the body always undergoes a very considerable diminution 
of volume, and therefore becomes condensed. Most solids become liquefied 
before they vaporize ; but some pass at once, on the application of beat, from 
the state of a solid to that of a vapor, without assuming the liquid condition. 

547. The melting of a solid, or its conver- 

Isanyparticu- - - , V 'J 1 u xU VJ 

lar tempera, siou luto a liquid, ouly occurs whcn the solid 
for the forma- is hcatcd Up to a Certain fixed point ; but the 

tion of vapors ? . 4*i**i*i ji ■% 

conversion oi a liquid into a vapor takes place 
at all temperatures. 

If in a hot day we expose a vessel filled with cold water to the open ain 
we find that the quantity of water rapidly diminishes, that is, it evaporates, 
which means tliat it is converted into vapor and diffused through the air. 

What ii the 548. The vapor of water, and all other va- 
appearance of . ^^^^^ g^,.g invisible and transparent. Xhe water 

which has become diffused through the air by 
evaporation only becomes visible when, on returning to its 
fluid condition, it forms mist, cloud, dew, or frost. 

Steam, which is the vapor of boiling water, is invisible, but when it comes 
Jd contact with air. which is cooler, it becomes condensed into small drops, 
and is thus rendered visible. 

The proof of this may be found in examining the steam as it issues from 
an orifice, or the spout of a boiling kettle : for a short space next to the open- 
ing no steam can be seen, since the air is not able to condense it ; but as it 
spreads and comes in contact with a larger volume of air, the invisible vapor 
becomes condensed into drops, and is thus rendered visible. 

The visible matter popularly called steam, should be, therefore, distin- 
guished from steam proper, or the aeriform state of water. The cloud, or 
smoke-like matter observed, is really not an air or vapor at all, but a collec- 
tion of minute bubbles of water, wafted by a current either of true steam, or, 
more frequently, of mere moist air. 
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la a boiling 
temi»eratard 
reqnioite for 
the prodnctton 



Is rapor al- 
myu nresent 
Inalrf 



What is the 
rdaiiTa apaee 
oeeopied bj 
liquids and va- 
pors? 



Fig. 207* 



Ibe myriads of minute globules of water into which tbe steam is condensed 
are separately invisible to the naked eye, but each, nevertheless, reflects a 
minate ray of white light. The multitude of these reflecting points, there- 
fore, make the space through which ihey are diffused appear like a cloudy 
body, more or less white, according to their abundance. 

The surface of any watery liquid, whose temperature is 
about 20^ warmer than any superincumbent air, rapidly gives 
off true steam. It is not necessary, therefore, for the produc- 
tion of steam that water should be raised to the boiling tem- 
perature. 

549. Air without vapor (theoretically called 
dry air) is not known to exist in nature, and is 
probably not producible by art. 

550. Liquids in passing into vapors occupy 
a much greater space than the substances from 
which they are produced. Water, in pass- 
ing from its point of greatest density into 

steam, expands to nearly 1700 times its volume. 

Fig. 20*7 represents the comparative 
volume of water and steam. 

!■ v>e density 551. Vapors are 
^rTT" of aU degrees of 

density. The va- 
por of water may be as thin as 
air, or almost as dense as water. 

The opinion formerly prevailed that va- 
pors could not exist by themselves as 
snch, but that they were dissolved in the 
air in the same way as salt is dissolved in 
water. The fallacy of this idea is proved 
by the feet that evaporation goes on more 
^pidly in a vacuum, where no substance whatever is present, than in the 
air. 

What ciream. 552. Evaporation takes place from the sur- 
SSS^a^iSl f^Gs of bodies only, and is influenced in a 
^°* great degree by the temperature, dryness, still- 

ness, and density of the atmosphere. 

How doestem- '^® effect of temperature in promoting evaporation may be 
peratore infla- illustrated by placing an equal quantity of water in two sau- 
5J^y evapora- ^^ ^^^ ^f which is placed in a warm and dry, and the other 
in a cold and damp, situation. The former will be quite di7 
Mbre tbe latter has suffered iiin lappreciable diminutioiL 
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How does the ^^^T^ water is covered by a stratum of diy air, the evapo- 
Btate of the air ration is rapid, even when its temperature is low ; whereas it 
oration*? ^^*^ ^^^® °^ ^^^y slowly if the atmosphere contains much vapor, 
even though the air bo very warm. 

Evaporation is far slower in still air than in a current The air immO' 
diately in contact with the water soon becomes moist^ and thus a chccic is 
put to evaporation. But if the air be removed by wind from the surfiice of 
the water as soon as it has become charged witli vapo% and its plaoo 
3upphed with fresh air, then the evaporation continues on without lnter« 
ruption. ' 

Evaporation is by no means confined to the sur&co of liquids ; but takes 
place from the surface of the soil, and from all animal and vegetable produo 
tions. Evaporation takes place to a very considerable extent from the sur- 
face of snow and ice, even when the temperature of the air is &r below the 
freezing point 

553. A very singular circumstance is connected with the 
circumstance diffusion of vapors throughout the atmosphere, viz. : that the 
**ith^?'*"d*'ff** vapors of all bodies arise mto any spacefilled with air, in 
sion 01 vapors? the same manner as if air were not present, the two fluids 

seeming to be independent of each other. 
Thus as much vapor of water can be forced into a vessel filled with air as 
into one from which the air has been exhausted. 

554. When a drop of water falls upon a surfece highly 
phenomena of heated, as of metal, it will be observed .to roll along thp sur- 
*?^"ta?^°^^f ^^^® without adhering, or immediately passing into vapor, 
liquids. The explanation of this is, that the drop of water does not in 

reality touch the heated surface, but is buoyed up and sup- 
ported on a layer of vapor which intervenes between the bottom of the drop 
and the hot surface. This vapor is produced by the heat which is radiated 
from the hot substance, before the liquid can come in contact with it, and 
being constantly renewed, continues to support the drop. The drop generally 
rolls because tlie current of air which is always passing over a heated sur- 
face drives it forward. The drop evaporates slowly, because the layer of 
vapor between the hot surface and the liquid prevents the rapid transmis- 
sion of heat The liquid resting upon a cushion of steam continually evolveil 
from its lower surface by heat, assumes a rounded, or globular shape, as tho 
result of the gravity of its particles toward its own center. 

The designation which has been given to the condition which water and 
other liquids assume when dropped upon very hot surfaces, is tliat of the 
" spheroidal state." 

If the surface upon which the liquid rests is cooled down to such an ex- 
tent that vapor is not generated rapidly, and in sufficient quantity to sup- 
port the drop, it will come in contact with the surface, and heat being com- 
municated by conduction, will transform it instantly into steam. 

This is the explanation of the practice adopted by laundresses of touching 
a flat-u:oli with moisture to ascertain whether the surface is sufficiently hot 
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Xf tiie temperatare of the iron is not elerated safBdeotlj, the moirtore wels 
%>he sor&oe, ancl is evaporated ; but at a higher degree of temperature, the 
Xfioisture is repelled. 

The phenomenon of the spheroidal condition of water furnishes an explana* 
tbn of the feats often performed by jugglers, of plunging the hands with im- 
ponitj into molten lead, or iron. The hand is iinoistened, and when passed 
into the liquid metal the moisture is T^^xxized, and interposes between the 
metal and the skin a sheath of vapor. In its conversion into vapor, th* 
moisture absorbs heat, and thus still further protects the skin. 

j?h«t is ebni- 555. When a liquid is heated sufficiently to 
ution? fj^Ym steam, the production of vapor takes 
place principally at that part where the heat enters ; and 
when the heating takes place not from above, but from 
the bottom and sides, the steam as it is produced rises in 
babbles through the liquid, and produces the phenomenon 
of boiling, or ebullition. 

wh»t is the 556. The temperature at which vapor rises 
iwiung point? yfi^Y^ sufficient freedom to cause the phenome- 
non ofebullition, is called the boiling point. 
i« ihe bofling 557. Different liquids boil at different tem- 
ffiiq^SidfSe peratures. The boiling point of a liquid is, 
•une? , therefore, one of its distinctive characters. 

' Thus water, under ordinary circumstances, begins to boil when it is heated 

tipto212o F.; alcohol at lld^; ether at 96<>j syrup at 221°; linseed oil 

11640°. 
-^ The gentle tremor, or undulation, on the surface of water 

Bering? which precedes boiling, and which is termed " simmering," is 

owing to the collapse of the bubbles of steam as they shoot 
upward and are condensed by the colder water. The first bubbles which 
form are not steam, but air which the heat expels from the water. As the 
temperature of the whole mass of the water increases, the bubbles are no 
Wtomr condensed and collapsed, but rise through to the sur&ce ; and the 
imitnent that this takes place boiling commences. The singing of a tea-kettle 
before boiling is occasioned by the irregular escape of the, air and steam' ex- 
pelled fiY)m the water through the spout of the tea-kettle, whidi acts in the 
maaner of a wind-instrument in producing a soand. 

g 558. Liquids, in general, being boiled in open vessels, are 

pressure of the subjected to the pressure of the atmosphere. The tendency 
fSth^SfllM ®^ ^^^ pressure is to prevent and retard the particles of 
of liquids r Water fh)m expanding to a sufficient extent to form steam. 

Hence if the pressure of the atmosphere varies, as it does at 
different times and places, or if it be increased or diminished by artificial 
meati8| the boilix^ point of a liquid will undergo a corresponding change. 

11 
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How mm tba ^^^* '^ ^® asoend into the atmosphere the pressare b di- 
temperatareat minished; becaose there is less of it above us; it therefore 
boa?be ^uaS ^^llows, that water at diflferent heights in the atmosphere will 
for determin- boil at different temperatures, and it has been found by ob- 
lug eievatioosr gervation, that an elevation of 550 feet above the level of the 
sea causes a difference of one degree in its boiling point. Hence the boiling 
point of water becomes an indication of the height of any station above the 
«ea-level| or in other words, an indication of the atmospheric pressure ; and 
thus by means of a kettle of boiling water and a thermometer, the height of 
pie summit of any mountain may be ascertained with a great degree of ac* 
curacy. If the water boils at 211° by the thermometer, the height of the 
place is 550 feet; if at 210°, the height is 1100 feet, and so on, it being onlj 
necessary to multiply 550 by the number of degrees on the thermometer 
between the actual boiling point and 212° to ascertain the elevation. In the 
city of Quito, in South America, water boils at 194° %'^ F. ; its height above 
the sea-level is, therefore, 9,541 feet. 

As we descend into mines, the pressure of the atmosphere is increased, there 
being more of it above us than at the sur&ce of the earth. Water, therefore, 
must be heated to a higher temperature before it will boil, and it has been 
found that a descent of 550 feet, as before, makes a difference of one degree. 

„ ^. 560. In a like manner, if by artificial means we increase or 

How can the •» j ^ 

boiling point diminish the pressure of the atmosphere on the surface of a 
chan^^^'arti? liquid, we change its boiling point If water be heated in a 
fidallj? vacuum, ebullition will commence at a point 140° lower than 

in the open air. If a vessel of ether be placed under the re- 
ceiver of an air-pump, and the atmospheric pressure removed from its surface, 
the vapor rises so abundantly that ebullition is produced without any in- 
crease of temperature. 

„ , Several beautiful applications in the arts have been mad^ 

How is sugar ^^ 

boiled in the of the pnnciple that liquids boil at a lower temperature whe». 
grocess of re- fj^eed from the pressure of the atmosphere than in the open^ 
air. 

In the refining of sugar, if the syrup is boiled in the open air, the tempera-' 
ture of the boDing point is so high that portions of the sugar become decom- 
posed by the excess of heat, and lost or injured ; the S3rrup is therefore boiled 
in close vessels from which the air has been previously exljausted, and in this 
.way the water of tho syrup may be evaporated at a temperature so low as to 
,j)revent all injury from heat. 

For cooking, this application could not be carried out. The water might, 
Indeed, be made to boil at a temperature much less than 212°, but owmg to 
its diminished heat would not produce tho desired effect 

whatisdista- 561. Distillation is a process by which one 

lation? body is separated from another by means of 

heat, in cases where one of the bodies assumes the form 

of vapor at a lower temperature than the other ; this first 
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lisea in tbe form of vapor, and is received and condensed 
in a separate yessel. 

Bjr this meoDS very volatile bodies eon be eagil; sepunted from less toU- 
tila ooea; aa braiidj and akohoi from the leea volatile water which ma; be 
mixed witb tliem. Water of extreme purity can alao be obtained bj distil- 
lation, because Uie non-volatile and eartb; substoncfs contained In all spriiig 
waters do not ascend with the vapor, biit rem^ behind in the vessel 

Distillation upon a small 
wale is effected by meana ^"^ ^''^■ 

•I a peculiar-shaped vessel, 
called a retort, F^ 208, 
which is half filled wiib a 
vdatile liquid and heated ; 
tbe steam, as it forms, 
paaaee through the necic of 
the retort into a glass 
ceiver set into a vessel filled 
with cold water, aod is then , 
oaMlenaed. 

Wben the operation of distillation is conducted on an extensive scale, a Urge 




Pia 209. 




vessel called a " iliO" is used, and, force 
deii»Dg Ibe vapor, vala are constmcled, 
holding serpentine pipes, or " wortna," 
which present a greater condensing sur- 
ferce than if the pipe bad passed directly 
through the vat. To keep the ceil of pipe 
cool, tlie vats are kept filled with cold 
water. IoFig.209,iiisafurDace,inwlrieli 
IB fixed a copper vessel, or still, to contain 
tlie liquid, ileat being applied, tbe steam 
the head, b, acd passes througli 
d, which is placed in a vessel 
the refrigerator. The vapor 
tliiia genwated is condensed hi its passage, and passes out as a liquid by the 
■External pipe into a receiver. 

-^^^ , ^ 'The difference h-:ween drying by heat and distillation is, 

^Ubroioe be- tbat in one case, the substance vaporized, being of no use, is 
i'™*?^'"^??! allowed to escape or become dissipated in Iho atmosphere ; 
^wlUitloor while in the other, being the valuable pari, it is caught and 
^Dondensed into tfaa Uquid form. The vapor arising from damp linen, if caught 
«od condensed would be distilled water ; the vapor given out by bread while 
l>Bking, would, if collected, be a spirit like tbat obtained in the distillation of 
CT^n, 

"mat Is ■BlB- ^''^' ■^' *""* Bobstanoes, by tbe application of heat, pass 

aallsBl direcUy from the solid condition to the state of v^>ot, bo some 

■ubataaceB, aa camphor, sulphur, arsenic, etc, when vaporixad 
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1)7 beat^ deposit thdr ooodmiaed Tapon k a Kilkl Ibnn. lUiipnoMili 
termed sablimatioiL 



563. One of the most remarkablo cucuoh 
Btanoes which accompakiy the phenomeuiy 
both of liquefaction and vaporisation, is the 
disappearance of the heat which has efibctel 



What mnafk* 
abl« dream- 
■taoee sttends 
Uqoe&edonaiid 
Tmporisatloa f 

the change. 

How mmy thia ^^ if a tfaennoiiieter be niplied to a hum of snow, oria 
principle be ii- just upcm the p<Hnt of mdtfaig, it will be fobnd to stand ik 
'"'^'"^^^ 320F. If the ice be piaoed in a yeanl over a flK^ and tibi 

ten^ratore tested at the moment it has ^entM|7 melted, the water ptodmi 
will have only the temperature of 8S^, thb aame as that of the original kiL 
Heat^ hewe^er, during the whole prooess of melting^ has been passfaig lapillf 
into the ressel from the fire, and if a quantilgr of mercmy, or a aoQd of nil 
same size, had been exposed to the same amoimt of heat^ it would hate tm 
stantlj increased in temperatora It is okar, tfaereftve, that the ooQTerrioa tf 
ice, a sdid, into water, aBqnid, has been sttanded with a disappearance of huL 

Again : if one pound of water, having a temperature of 174^, be mixed iriA 
one pound of snow at 32^, we shall obtain, two poonds of water, haTiBg i 
temperature of 32^. All the heat, therelbR, wfaldi was contained la'lto 
hot water is no longer to be detected by the theimometeiv it Iwying been ci- 
tirely used up, or disposed of in converting snow at 82^ into water at 31^ 
Such disappearances always occur whenever a solid is converted 'into a liqoii 

If^ however, a pound of water at 32^, fiistead of ice at the same temperip 
ture, had been mixed with a pound of water at 1 74^, we shall obtito tiO 
pounds at 103°, a temperature exactly intermediate between the tempentmi 
•of the components But if the pound at 3*2° had been solid instead of liqQii^ 
then the mixture, as before explained, would have had a temperature of 3I** 
It is evident, therefore, that it is the process of liquc&ction, and it alone^ wUch 
renders latent or insensible all that heat which is sensible when the pooaA 
of water at 32° is liquid. 
„ .. In the same manner heat disiHn>ean when a liquid is cob* 

How mftv toe , _-, , , •_ , ••• 

absorption of verted mto a vapor. The absorption of heat, in this instiasi^ 

raSon^bTren^ may be easily rendered perceptible to the feelings by poariBi 

dered evident? a few drops of some liquid which readily evaporates, soeh il 

other, alcohol, etc., upon the hand. A sensation of cold is immedutte^ fS* 

perienced, because the hand is deprived of heat, which is drawn away to eM 

the evaporation of the liquid. On the same principle, inflammation andftTC^ 

ish heat in the head may be allayed by bathing the triples with Golbgii 

water, alcohol, vinegar, etc. 

If we surround the bulb of a thermometer loosely with cotton, and th« 

moisten the latter with ether, the thermometer will speedily fall several dagnta 

Why can not Water when placed in a vessel over a fire, gradnaByil> 



)rater im 
additional 



ipart tains the boiling temperature, or 212o ; bat afterwaidi hov* 
r^ ever much we mav mcrease the fira it beeom e a no hotlsR iB 



iSibSui f ever much we may mcrease the fire^ 
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the heat whidi is added Berring only to convert the water at 212^ from a 

liquid condition into steam, or vapor, at 212^. 

564. If we immerse a thermometer in boiling water, it 

knoir Siat'* Stands at 212® ; if we place it in steam immediately above it, 

iteam at 312» j^ indicates the same temperature. "We know, however, that 
18 hotter than '^ i. 'r 

Water at the steam contains more heat than boiling water, because if we 

jame tempera- ^^j^ ^jj oxmce of water at 212° with five and a half ounces of 
water at 32®, we obtain six and a half ounces of water at a 
temperature of about 60° ; but if we mix an oimce of steam at 212® with five 
aad a half ounces of water at 32®, we obtain six and a half ounces of water at 
2120. The steam, from which the increased heat is all derived, contains as 
much more heat than the ounce cf water at the same temperature, as would 
be necessary to raise six and a half ounces of water from the temperature of 
60O to 212®, or six and a half times as much heat as would be requisite to 
false one ounce of water through about 152® of temperature. This quantity 
of heat will, therefore, be found by multiplying 152® by six and a half, 
which will give a product of 983® — ^the excess of heat contained in an 
ounce of steam at 212® over that contained in an ounce of boiling water at 
the same temperature. 

What becom a ^^^* ^^ *^® conversion of solids into liquids, and liquids into 

of the heat vapors by heat, we ma 7 suppose the heat, the solid, and the 
peara in SSue^ liquid to have respectively combined together; — forming a 
faction and t»- liquid in the one case, and a vapor in the other. A liquid, 
therefore, may be regarded as a compound of a solid and 
heat, and a vapor as a compound of heat and the liquid from which it was 
Ibrmed. The heat whichftdisappears in these combinations is 'tailed Latent, 
or Compound Heat. 

What are ^^ absorption of heat consequent on the conversion of 

fiwdng mix- Solids into liquids, has been taken advantage of in the arts for 
the production of artificial cold; and the compounds of dif- 
^nt substances which are made for this purpose, are called ^ezing mix- 
tures. 

I Wh d th ^® most simple freezing mixture is snow and salt. Salt 

i&lztare of dissolved in water would occasion a reduction of temperature, 
Sodn^UitenM ^^* when the chemical relations of two solids are such, that 
Cold f on mixing, both are rendered liquid, a still greater degree of 

Ooid is produced. Such a relation exists between salt and snow, or ice, and 
therefore the latter substances are used in preference to water. "When the 
two are mixed, the salt causes the snow to melt by reason of its attraction 
^ water, and the water formed dissolves the salt : so that both pass (rem 
the solid to the liquid condition. If the operation is so conducted that no 
beat is supplied from any external source, it follows that the heat absorbed 
iti liquefaction must be obtained from the salt and snow which comprise the 
iidixture, and they must therefore suffer a depression of temperature proper* 
tional to the heat which is rendered latent 

In this way a degree of cold eqiial tp 40® below the freezing pouit of 
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Roir grask m water may be obtained. The apjdicatkm of thfaitepef ii iiei ii * 

degree of oold ^ the freezmg of ice-creams is &miliar to alL 

ean be obtain- -n^ ' > jil^ •j^x^.s 

ed bj freexing By munng snow and suliMiunc acid together in jHroper pro- 

™^^>^^'''^' portions, •• temperature of 90^ below sero can be obtained 

without diflBcul^. 

Wh Is theair '^'^ air in the spring of Ihe year, when the ioe and snow 

fat epring cold are thawing, is always peonliaily oold and duUy. ' This is doe 

oDd chUiyr ^ ^^ constant absorption of heat from the air by the ice and 

snow in their transition from a solid to a liqmd state. 

_. . A shower of rain cools the air in summer, because tiieeai& 

War does a 

.■hoirerinBom. and the air both part with their heat to promote eraporatioB. 
3««oitt. In . Bke n«nner, the q«mkltog «f » hot io«n with wrt»r 

cools It 
Whj la the The draining of a country increases its warmtii, since by 
wani^ of a withdrawing the water, evaporation is diminished, and k« 
moted bj heat is subtracted from the earth. 

dzainingr rpj^^ danger arising ttom wet feet and do&ea is owing to 

Wbj do wei ^® absorption of heat from the body by the eyaporaticm from 
feet or clothes the sur&ces of the wet materials ; the te mp e m ture of the body 
the faeaftfof is hi this way reduced below its natural stfloidard, and the 
the body f . proper circulation of the blood mterrupted. 

566. The absorption of heat in the process by whidi liquids 
Un^veesei^nt are converted into vapor, will explain why a vessel oontaining 
talDing water a liquid that is constantly exposed to the action of fire, can 
^dMtrojed? i^^ver receive such a degree of heat as would destroy it A 

tin kettle containing water may be ekposed to the action of 
the most fierce ^mace, and remain uninjured ; but if it be exposed, without 
containing water, to the most moderate fire, it will soon be destroyed. The 
heat which the fire imparts to the kettle containing water is immediately ab- 
sorbed by the steam into which the water is converted. So long as water is 
contained in the vessel, this absorption of heat will continue ; but if any part 
of the vessel not containing water be exposed to the fire, the metal will be 
fiised, and the vessel destroyed. 

667. When vapors are condensed into liq- 
eircamsunces uids. and Hquids are changed into solids, the 

does latent heat «, 'i^i • /» 

become sensi. latent heat contained in them is set free, oi: , 
made sensible. 

If water be taken into an apartment whose temperature is several degrees 
below the fii'eezing pomt, and allowed to congeal, it will render the room sen- 
«ibly wanner. It is, therefore, in accordance with this principle that tubs of 
water are allowed to freeze in cellars in order to prevent excessive cold. 

It is from this cause that oceans, seas, and other large collections of water 
are most powerfiil agents in equalizing the temperature of the inhabited parts 
of the globe. In the colder regions, every ton of water converted into ioe 
«^vea out and diffuses in the surrounding region as much heat as wookl 
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rmse a ton of water finom 32<^ to l*l4fi ; and, on the other hand, when a rise 
of temperature takes place, the thawing of the ioe absorbs a like quantity of 
heat : thus, in the one case, supplying heat to the atmosphere when the tem- 
perature fiJls; and, in the other, absorbing heat &om it when the temperature 
rises. 

In the winter, the weather generally moderates on the faHl of snow; snow 
is frozen water, and in its formation heat is imparted to the atmosphere, and 
its temperature increased. 

Steam, on account of the latent heat it oontains, is well 
^^^iillT**"* adapted for the warming of buildings, or for cooking. In 
adapted for passing through a line of pipes, or through meat and vegeta-i 
wrnung and y^y^ -^ ^ condensed, and imparts to the adjoining sur&oes 

nearly 1000^ of the latent heat which it contained beforo^' 
condensation. 

Steam bums much more severely than boiling water, for the reason that 

the heat it imparts to any surface upon which it is condensed ia much greater 

than that of boiling water. 

isthequantiY ^68. AU bodfes contain incorporated with 
b^^* tte them more or less of heat ; but equal weights 
same? of dissimikr substances, having the same sen- 

sible temperature, contain unequal quantities of heat. 

ihifl Thus if we place a pound of water and a pound of mercuiy 
be demon- over a fire, it wUl be found that the mercury will attain to any 
strated? given temperature much quicker than the water. Or if we 

perform the converse of this experiment, and take two equal quantities of 
mercury and water, and having heated them to the same degree of tempera- 
ture, allow them to cool freely in the air, it will be found that the water will 
require mudi more time to cool down* to a common temperature than the 
mercury. The water obviously contains more heat at the elevated tempera- 
ture than the mercury, and therefore requires a longer time to cool 
wiiat T« th ^^^' ^"^'"^^"' substances require, respectively, different 

meaning of the quantities of heat to raise their temperatures one degree ; and 
term specific ^jj© quantity of heat necessary to produce this effect upon a 
body is termed its specific heat In like manner, the weight 
which a body includes under a given volume, is termed its specific gravity. 

u nd r ^^^' "^ substance is said to have a greater 
•tood tr»p«»- or less capacity for heat, according as a greater 
or less quantity of heat is required to produce 
a definite change of temperature, or an elevation of tem- 
perature of one degree. 

How does the ^^ general, the capacity of bodies for heat decreases with 

"eapadty for heat their density. Thus mercury has a less capacity for heat than 

^J^Jj^jJ^^ water, because its density is greater. Air that is rarefied, or 

thin, has a greater capacity for heat than dense air. This 



848 WELLS'S NATUBAL FHILOflQPHT. 

cirouniataiioe will ezpbon, in part, tfa^ reason of the yery low tempentam 
vrhkik exist at great etoTataons in the atmosphere. Pwaona aaoending liigti 
moontains, or in balloona^ find that the cold increases wifh the elevatioo. 
The reason of this la^ that as the air expands and becomes rarefied, its capac- 
ity for heat is (preatly increased, and it tberefiire absorbs its own sensible 
heat 

What is flie ^^ qoarteiB of the c^iobe^ the temperature of the air at a 
'Umift of per- certain h^gfat is redoced so low by its larefiKstioo, that water 
V"*"^""^^' can not exist in a liquid stata Tins limit, the height of 
which yaries^ b^ng the most elevated at the equator, and the most depraned 
at the poles, is ca&ed the line of Perpetual Skow.* 
. Air ftrdblj expelled from the month feels codi; in this instuice the ocdd is 
doe to a sodden expansion of the air, by whidi its capacity for, heat is in- 
creased. 

The ciqiacity- for heat also increases with the temperatareu Thns it requires 
a greater amoont (^heat to elevate the temperature ci^plai&aam tnai 212^ to 
2130, than from 320 to 33<^. 

Of aU known bodies, water has the greatest capadty* for heat 

There are several different ways by means of which the ca- 
omZe^^ ibr pacity of bodies for heat may be determined. One metiiod 
heat Id differ- consists in indosing equal weights of difforent bodies heated 
beaawtaitoedr ^ ^'^ ^^°^ temperature, in closed cavities in a block of ioe^ 
and measoring the respective quantities of water whidi they 
produce by melting the ice. 

The same result may also be obtained by what is called the method of mix- 
tures. Thus, if we mix 1 pound of mercury at 66^ with 1 pound of water at 
32°, the common temperature will be 33°. Here the mercury loses 33° and 
the water gains 1° ; that is to say, the 33° of the mercury only elevates the 
water 1°, theref(»e the capacity of water for beat is 33 times that of mercury ; 
or, if we call the capacity or specific heat of water 1, then the capacity or 
specific heat of mercury will be l-33d or .0303. 

In this way the capacities for heat of a great number of bodies has been 
determined, and tables constructed in which they are recorded. In these 
tables water is taken as the unit of comparison. 

All vapors are elastic, like air. 
ejbrticityofTar The tendeDCj of vapors to expand is unlim- 
r" ited ; that is to say, the smallest quantity of 

vapor will diffuse itself through every part of a vacant 
space, be its size what it may, exercising a greater or less 
degree of force against any obstacle which may have a 
tendency to restrain it. 

* The Hoe of perpetual aaovr at the equator oocan at a height of about 1S,000 fleet; •! 
the Straits of MageUan, it oocora at an eleyation of only 4,000 feet 
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The for6e with which a vapor expands is called its elastic 
force, or tension. 

The elasticity or pressure of vapors is best illustrated in the case of steam, 

trhich may be considered as the type of all vs^rs. 

When a quantity of pure steam is confined in a close vessel, 

oerls tiie eh»I ^^ elastic force will exert on every part of the interior of the 

tic force of vessel a certain pressure directed outward, having a tendency 
■team exerted? . « . > « i 

to burst the vessel. 

VfhAt is the When steam is generated in an open vessel its elastic force 
rte!^ f<mned ™^^ ^ equal to the elastic force or pressure of the atmos- 
inan open rei*- phere ; otherwise the pressure of the air would prevent it ftom 
forming and rising. Steam, therefore, produced fix>m boiling wa- 
ter at 212° F., is capable of exerting a pressure of 15 pounds upon every square 
iDch of surface, or one ton on every square foot, a force equivalent to the 
piesBure of the atmosphere. 

-i ,^ If water be boiled under a diminished pressure, and there- 

How may ,the _ , , , . , . -, , « 

elastic force of fore at a lower temperature, the steam which is produced from 

oMMd'^^r dl- ^* ^^^ have a pressure which is diminished in an equal de- 
ttinished ? gree. I^ on the contrary, the pressure under which water 

boils be increased, the boiling temperature of the water and 
the pressure of the steam formed will be increased in a like proportion. We 
have, therefore, the following rule : — 

To what ia the 571. Stcam raiscd from water, boiling under 

SS'^S^ays any given pressure, has an elasticity always 

**°**' equal to the pressure under which the water 
boils. 

How ia Btea Steam of a high elastic forc3 can only be made in dose ved- 

of Ugh elastic sels, or boilers. The water in a steam-boiler, in the first in- 
ftwegeneiated? gtance, boils at 212°, but the steam thus generated bemg 
prevented from escaping, presses on the surface of the water equally as on 
the sor&ce of the boiler, and therefore the boiling point of the water becomes 
higher and higher ; or in other words, the water has to grow constantly hot- 
ter, in order that the steam may form. The steam thus formed has the same 
temperature as the water which produces it 

- . The temperature 6f the water in working steam-boilers is 

tent dan water always much greater than 212°. It should also be borne in 

^heated nn- jjjjjj^j |^^ water, if subjected to sufficient pressure, can be 

heated to any extent without boiling. There is no limit to 

the degree to which water may be heated, provided the vessel is strong 

CQough to confine the vapor ; but the expansive force of steam is so enormous 

^der these circumstances, as to overcome the greatest resistance which has 

e^er been exerted upon it 

If a boiler, containing water thus overheated many degrees beyond the 
^ing pointy be suddenly opened, and the steam allowed to axpand, Uia 

11 
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whole water is immediately blown oat of the vessel as a mist hy tiie steam 
formed at the same instant throughout every part of the mass. To use a 
common expression, " the water flashes into steam." 

_ , Steam, like water, may be heated to any extent when con- 

tent can 8t«am fined and prevented from expanding with the increase of 
dar praMure ?' temperature ; in some of the methods lately introduced for 
purifying oils, etc., the temperature of the steam, before its 
application, is required to be sufficiently elevated to enable it to melt lead. 

Whatissnper- 572. Steam which has been heated in a 
heated Steam? gepamte State to a high degree of temperature 
under pressure, is known as " Superheated Steam." In 
this condition its mechanical and chemical powers are 
wonderfully increased. 

In the manufactu^ of lard on an extensive scale the carcass of the whole 
hog is exposed to the action of steam at very high pressure, this acting upon 
the mass of flesh and bones, breaks up and reduces the whole to a ^t 
fluid mass. Ordinary steam, under the same circumstances^ would dissolve 
nothing. 

Steam has also been recently applied to the carbonization of wood. For 
this purpose ordinary steam is conducted through red hot pipes, whereby it 
attains a very high degree of temperature. It is then allowed to pass into a 
v.essel containing wood intended to be converted into charcoal. The heated 
steam, penetrating into the pores of the wood, drives off the volatile portions, 
the water, the tar, etc., and leaves the pure carbon alone behind. 

What is High- 573. Steam generated by water boiling at a 
pressure steam? ^gj.^ j^jgj^ temperaturc, is known as High- 
pressure Steam. By this term we mean steam condensed 
not by withdrawal of heat, but by pressure, just as high- 
pressure air is merely condensed air. To obtain a double, 
triple, or greater pressure of steam, we must have twice, 
thrice, or more steam under the same volume. 
What relation 574. Thc sum of the sensible heat of any 
JSfibie^''Sd vapor, and the latent heat contained in it, is 
latent heat? always thc samc. ' 

It is «in established fact that the heat absorbed by vaporization is always 
less the higher the temperature at which this vaporization takes place, and 
just in proportion also as vapor or steam indicates a lower temperature by the 
thermometer, it contains more latent heat Thus, if water boils at 312®, the 
heat absorbed in vaporization will be less by 100<* than if it boiled at 212®. 
And again, if water be boiled under a diminished pressure at 112°, the heat 
absorbed in vaporization will be 100® more than the heat absorbed by water 
boiled at 212<>. 



THE STEAM-ENGINB. 251 



SB'OTION IV, 

What is a 575. The Steam-Engine is a mechanical 
steam-Engine? contrivance by which coal, wood, or other 
fuel, is rendered capable of executing any kind of labor. *^ 

„ . The substanoe which furnishes the means of calling the 

chanicai force powers of coal into activity is water; two ounces of ooa], with 
S^t^B combu^ * proper arrangement will evaporate about one pint of watei; 
tion of two this will produce 21G gallons of steam, which can exert a 
ouQceBo coal? mechanical force equivalent to raising a weight of 37 tons to 
the height of one foot 

„ , ^^ It has been found by experiment that the sreatest amount 

How does the - _ ... "^ '^ ^ . , . , . . 

force of a man of force which a man can exert when applying bis strength to 

compare with ^^ y^^g^ advantage through the help of machinery, is equal to 
erated by the elevating one and a half millions of pounds to the height of 
combustion of q^^ fj^^ y^j working on a treadmill continuously for eight 

hours. A well-constructed steam-engine will perform the 

same labor with an expenditure of a pound and a half of coal 

„ , . . The average power of €ai able-bodied man during his active 

How much coal ,.. . ^. ^ i /. ^ ^ , , 

isequiyalent to hfe, supposing him to work for twenty years at the rate of 

the whole ac- eight hours per day, is represented by an equivalent of about 
a man? four tons of coal, since the consumption of that amount will 

evolve in a steam-engine, fully as much mechanical force. 
The great pyramid of Egypt is five hundred feet high, and weighs twelve 
thousand seven hundred and sixty millions of pounds. Herodotus states that 
in constructing it one hundred thousand men were constantly employed for 
twenty years. At the present time, with the coLSumption of 480 tons of 
ooal, all^the materials could bo raised to their present position from the 
ground in comparatively little time. 

_ ^ 1- fv The greatest work ever known to have been performed by 

greatest amount a steam-engine, was to raise sixty thousand tons of water a 
iLsJS'ush Jd*^ foot high with the expenditure of one bushel of coal. This 
lij a steam- work was accomplished by one of the engines employed in 
engine ? ^j^^ j^i^^g ^f Cornwall, England. 



**i 



Coals are by It made to spin, weaye, dye, print, and dress silks, cottons, woolens • 
and other cloths ; to make paper, and print books upon it when made ; to convert com 
into flour ; to express oil from the olive, and wine from the grape ; to draw up metiN 
from the bowels of the earth ; to pound and smelt it ; to melt and mold it ; to roll it 
and fashion it iuto every desirable form ; to transport these manifold products of its own 
I labor to the doors of those for whose convenience tttey are produced ; to carry persons and 
goods over the waters of rivers, lakes, seas, and oceans, in opposition alike to the natural 
! diflBculties of wind and water; to carry the wind-bound ship out of port, to place her on 
i the open de«p, ready to coihmence her voyage ; to transport over the surface of the sea 
and the land, persons and information from town to town, and from country to country, 
with a speed as much exceeding the ordinary wind, as the •rdinary wind exceeds that of . 
a pedestriaii.**~Z>an{iier. 
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5T6. Steam is rendered useful for mechaii- 
^mubl^i^ ical purpoBes simply by its pressure, or elaitio 
• force, 

iD not, like wind and water, be moda to act adTM)tagMni(r'lv3il 
impnlae in tho open air, becaose the mcHiMiitnn it to 
tight a fluid, unless generated in vast qoantltk^ uliAl 
be iticonaid'irable. Tbe Qnt atteapb^ howm^.t* 
CDplo^ Steam aa a moving power, consiBted itt dinet' 
ing a current of aieam flvm tlie month of a tabe agiiiat 
the floats or vaoes of a revolving irheel. 

A machine of this kind, invented more than 2,000 
years ago bj Hero of Alexandria, is represented in 
Fig. 210. It coDsiate of a small hollow ipbere, fiiT' 
nisbed with arms at right angles to its axia, and whow 
enda bib bent in opposite directional The sphere 
is suspended between two columns, bent and ptunted 
at their extremities, as represented in the flgure : one 
of tbeae is hollow, and codvi^ etcam from tbe boiler 
below, into the sphere ; and the escape of the vapor 
ftom tbe small tubes, by the reaction, produese a rotary motion. 

m practically availa- 
_ t should be confined 

within a cavi^ which is air-tight, and & 
dimen^ons or capacity can be enlai^d oi 
impairing its tightness. When the s( 
sel, its clastic fore? pressing agt.inst hoi 
it to recede before it, and from this movable part moti 
machinery. 

The practical arnuigetnent by which such a Fia 211. 
condittoni il- result is accomplished is by having a hollow 
taiiwdr (^linder, A B, Fig. 211, with a movable piston, 

D, accurately fitted to its cavity. When steam under pressure -G 
in a boiler ia admitted into the cylinder helow tha piston, it ^ 
expands, and acting upon the under surJace of the piston, 
causes it to rise, lilting the piston-rod along witli it 

Suppose, as in Fig. 212, tlia cylinder to bp connei^ted at tlie 
bottom or Mdo with a pipe, B, opening into a steam boiler, and 
on the other aide with a pipe, B, terminating in a veatel of 
cold water. Suppose the valve in R to bo open, and that 
in B to l>0 shut; steam then passing into the cj'Under from 
the boiler will force tlie piston up to the top of the cylinder. 
Let the valve in R then bo shut, and the valve in B be 
opened; the steam contained in tlie cylinder will pass out ' 
of the pipe B, and coming in contact with cold water, in 
the vessel connected with it, will be condensed, and a vacn 
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beneatb tha piaton. The preesore of 
the atmosphere then acting upon the 
otber side of tbe piaCon, will drive 
'it down. The poBJiion of the valves 
IE B and B being reversed, the piston 
maj be raised anew bj tlie admis- 
aion of more steam, to be condenBed 
in Ha torn, and in this maimer tiie 
aheniate motion may be continued 
indeflnitelf. Tbe alternating, or re- 
ciprocatii^ motion of the piston, is 
coDverted, by means of a lever and crank attached to the top tit Itie pis- 
ton-rod, into a rotaiy motion, sivtable fta driving-wheels, shaAa, and other 
maehineTy. 

Such an arrangement as described constitute! the first practical steam- 
engtna ft received the name of the atmospheric engine, Ihmi the fact that 
the pressure of tha atmosphere was employed to press down the piston after 
it Ikad been elevated by the sl«ain. 

Wlimi til tbs ^"' '" modem engines, the pressure of the atmosphere is 

cmntrastioD Hot employed to drive the piston down. The steam is ad- 
Bf*.*^^ mitted into the cylinder above tbe piston, at the same time 
Ine steam-«n- that it is condensed or withdrawn from below, and IhuB 
^™ BKcrta its expajiaive force in the returning as well as in tha 

aacending strolie. 

This resnlts in a great increase of power. By the condeusation or with- 
drawal of the steam, a vacuum is created below the piston, and the steam 
admitted iuto the cylinder above tlio piston, forces it through the vacuum 
with an ease and raptdi^ far greater than would be possible if atmospherio 
or other rewstanca were to be overcome.* 

The withdrawal or condensation of tbe steam, in order to produce a vacuum 
^ther above ot below the piston, is accomplished by opening at the proper 
time a communication between tbe cyhnder and a stroag vessel atuated at a 
distance [torn it, called the condenser, lata this vessel a jet of cold wat«r is 
thrown, which instantly condenses the steam, escaping from the bottom of the 
cylinder, into water. 





of the tan 

ented In the 


"m^ 


ringo 


-or obtiined In lb 
ilcqlstioinf-One 


cubic 1 


, thnngh tbe 
neb of vntcr 


.comt 


U.lllloR»P>, 




«.», hr .81 g™i,> 




.l,.„dUili. 


sipani 


Ihe wtUt into 




loMec 


If mill 


,ng* weight of on. 




ie h,:lg1il of 1 












Mrij-me cubic fo. 




»ni. or 1,728 1 






m !• prodiio 


,i b. 


th8« 


odenutton ot tbii 


1 itan 


L, . pfaWn o( 




tneb lur&og. that msy luvi 


ibeei 


Lifted 1 


,,Ti8lDch».orl44 


fMt,W 


lUf^lirlUi. 


veknH 


l««TbodTm 


.hlngbjBT. 


.vitjd 




IKT»ndltgl»r helghl of 


I.%BOO feet. 


ThU 


give Ibe (nUlDg bodj ■ veliKllT. . 










,300 f 


.*OBd.g«.t*. 


r tbin U»t 












ifom 




latnwgihof 




,mp,,t 


•hlah »lt(Tn»lelj 




theplttonln 




■budutkM 


•UBOfhigh 


-tnm 




.n.ploj^"-iW- H- J>. av-^ 





254 



WBLLB'fl NATURAL PHILOSOPHY, 



le of this character is called a condenaiDg ateun-eng^e, be- 
cause the steam whioh liaa been emploTed in nUsing or depKaring UA pIHMi 
is condcnB:>J, oflcr it lias accompliabed it9 crtject, loTing a Taoaom Above or 
below tlio piston. It is also cotl^ a' lowrpreesnre engine, becaoM^ on ao- 
coQdt or tbo vacuum -wbtcb ia produced altematelr above and below tbe 
pixtou, the Btcam, in acting, does not expend any fbrae la orereomiog the 
preasuro of tiic atmosphero. Steam, therefbre, aaj be uHsd under such coodi- 
lions of low eipnnsive force, or, as it ia tet^minlly oaOed, of " knT-prewme." 

Tiio practical construction of tlio 
piston and cylinder, and the ar- ^S- SI*- 

rangement of oonuecUug pipes by 
irbtch tbe steam is admitted alter- 
nately above and below the piaton, ] 
is fully shown in Fig 213 The - 
valves, whicharoof vanousR) 
are connected by levers wiUi the 
machinery in sucb a way as to 
open and cloie with great ac- 
curacy at exactly tba proper mo- 

Z.».b» "' ■» ""• 

prcnare eu- engines, the appa- 

s*"*' ratU3 for coodeo*- 

iog tbe steam alleruately above 

or bolow tlie piston, ia dispensed 

with, and tliG steam, aAj^r it ha? 

moved the piston from one end of 

the cylinder to the other, is al 

lowed to escape, by the opening uf 

a valve, directly into the air. To 

accomplish tills, it is evidect that 

the steam must have an claatJC 

force greater than the preaaure of 

the atmospliere, or it could not 

expand and drive out the waste 

steam on the otlier side of the piaton in opposition to the presanre of the aie 

An engine of this character is a cordingly termed a h gh pressure eugme. 

High-pressure eugines are generally worked with a pressure of from &f^ 
to sixty pounds per square inch of the piston; of this pressure, at least fllteca 
pounds must be expended in overcoming the prcssuro of Ihe atmosphere, and 
the surplus only can be applied to drive machinery. 

Otie of the most familiar examples of a bigli pressure eojfine is the loco- 
(notive used on railroads. The steam which lias been employed in forcing the 
piston in one direction is, by Ihe return movement of the piaton, forced out of 
(he cylinder into the amoke-inpe, and escapes into the open air with irregular 
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What are th6 
advantages and 
disadvantagei 
of .high-press- 
ure engines Y 



engines 
iated? 



High-pressure engines are generally ascd in all situations 
"^ere simplicity and lightness are required, as in the case of 
the locomotiye; also in situations wliero a free supply of 
water for condensation can not be readily obtained. As they 
use steam at a much higher pressure than the condensing en- 
gines, they are more liable to accidents arising from explosions. High-press- 
ure engines are less expensive than low-pressure, since all the apparatus for 
condensiug the steam is dispensed with, the only parts necessary being the 
boiler, cylinder, piston, and valves. 

i steam 579. It TS not necessary in the steam-cnginc that the Steam 
said to be used should flow continuously from the boiler into the cylinder 
expansively? during the whole movement of the pieton, but it may be cut 
off before it has fully completed its ascent or descent in the cylinder. The 
steam already in the cylinder immediately expands, and completes the move- 
ment already begun, thus saving a considerable quantity of steam at each 
movement. Steam employed in this way is said to be used expansively. 

To carry out this plan to the best advantage, the 
expansive force of the steam must be greatly in- 
cre^ised by working it under a high pressure. 

„ , ,^ 580. In many engines the supply 

Bowisthemo- ^^ x *u v a 

tioQ of steam- of Steam to the cyunder is regu- 
lated by an apparatus called the 
Governor. This consists, as is rep- 

ftsented fp. Fig. 214, of two heavy balls, and 0', 
connected by jointed rods, D D', with a revolving 
axis. A. When the axis is made to revolve rap- 
idly, the centrifugal force tends to make the balls 
diverge^ or separate from one another in the s§me 
iQaniier as the two legs of a tongs will fly apart 
^hen whirled round by the top. This divergence 
^taws down the jointed rods, but a slower motion of the axis causes the 
balls, on the contrary, to approach each other, and thus push tliem up» 
These movements of the jointed rods in turn raise or lower the end of a bar, 
^ which acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder — thus preserv- 
ing the motion of the engine uniform. 

In stationary engines, also, a largo and heavy fly-wheel is often used, which 
by its momentum causes the machinery to move unintermptedly, even if the 
pressure of steam be less at one point than at another * 

* Fig. 215 UtiMitrates the principal parts of a condensing steam-engine and its mode of 
Action. 

Upon the left of the flgare is the cylinder, which receives the steam from the boiler. 
A part of the side of the cylinder is cnt away in order to show the piston, which moves 
alternately up and down according as the steam is admitted above or below it. By the 
^od A the pif^n trsnmiits its alternating movements to the walking-beam, L, which is an 
cnornHms lever acearately balanced on its center, and supported by four columns. The 
VaUdng-beam, L, commviiieatM its motion by means of a connecting-rod, I, to the cranky 
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691. Steam-boilerB, which, although necesBarj to the generatfcm ofths 
power, are quite indepeadent of the eogine^ are contitructed of thick abeeu 
of iron or oopper, strongly riveted together. 

K. tijF vfaicb ■ rotary nHTemeat ia cmnuoiuilcited to the wheel. T i frnm Ihii Om pom 
iDft^ be Applied bj other vheels or bf btnda jLnd paUeytr to Effect dUtanol oporatloiiB. 

At ths left of the cylinder ia HOamiigeinent afnlTeaandplpei, by vhteh tb« itMiaila 
aHoirod bo «ct idtanutelj abore ind bdoir tbe platan. AflT Uie ctoun hAi aoin|dfltod IGi 
Htlon bj fk>relD; Iha plitnn to Ibe eitrendty of the flyllndel. It i> laieaiaiy tlut It ahonld 

, Hot* tl It ooBdeiiKd, nod ■ TKuaip fbimed fai tb« Bjllnda' 



uther 






u n^dly u poHible. Tbl> la efl 
■Uad Uh " ■Ir-pninp," vbich wli 



id by mum oTtvi 
rawa tba hot <ratar 
la llw nyllndal oi 
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The essential requisites of a steam-boiler are, that it should 
essential req- poBsess suflBcient Strength to resist the greatest pressure which 
"t^^'boOer?^ ^ ®^®^ liable to occur from the expansion of the steam, and 
that it should offer a sufficient extent of sur&ce to the fire 
to insure 'the requisite amount of vaporization. In common low-pressure 
boilers, it requires about eight square feet of sur&ee of the boiler to be ex* 
posed to the action of the fire and flame to boil off a cubic foot of water in an 
hour; and a cubic foot of water in its convertion into steam equals one- 
horse i)ower. 

The strongest form for a boiler, and one of the earliest which was used, is 
that of a sphere; but this form is the one which offers least surface to the 
fire. The figure of a cylinder is on many accounts the best, and is now ex- 
tensiYely used, especially for engines of high-pressure. It has the advantage 
of being easily constructed from sheets of metal, and the form is of equal 
sti^ngth except at the ends. In such a boiler the ends should be made 
thicker than the other parts. 

csUed the ** cold-water pomp,** drairs from a well or river the cold water to supply the 
place of the heated water withdnawn from the condenser by the air-pnmp. There is also 
a third pnmp, O Q, which is called the ** supply" or ** feed-pump," because it pumps into 
the boiler the hot water which the air-pump withdraws from the condenser, thus econ- 
omizing the consumption of fueL 

The various parts of the engine (as shown in ¥1g 215) are illustrated in detail by the 
following descriptive explanation i^- 

A — ^Piston-rod connected with the walking-beam, and transmitting to it the alternating 
movement of the piston. 

B, G, D, E — ^Arrangements of levers and joints. Intended to guide and preserve the pis- 
ton-rod A in a perfectly rectilinear track during its up-and-down movements. 

F — Arm or rod of the air-pump, which removes the hot water and air from the con- 
denser. 

G — Bod <tf the " snpidy** or ** feed-pump,** which supplies to the boiler the hot water 
withdrawn from the condenser. 

H — Bod of the cold-water pump, which supplies the cold water necessary for con- 
densation. 

I — Connecting-rod, which transmits the motiota of the walking-beam, L, to the crank, K. 

M — Cylinder of the air-pump in communication with the condenser, O. 

O — Condenser filled with cold water, in which the steam after acting upon the piston is 
condensed. 

P — Piston, movable in the cylinder ; it receives directiy the pressure ofthe steam upon 
the upper and lower surface alternately, and transmits its movements by means of the rod 
A to the rest of the machinery. 

8 — npe conducting the hot water withdrawn flrom the condenser to the boiler. 

T — Pipe discharging the cold water from the cold-water pump into the condenser, O. 

U — ^Pipe eondueting the steam from the cjrlinder, after it has acted upon the piston, inte 
the condenser. 

V— Fly-wheeL 

Z — Cornecting-rod, which transmits the movements of the eccentric, e, through the 
lever, Y, to the valves, b. The eccentric is a wheel fixed upon the crank-shaft, as seen 
at e. It Is called an eccentric from the circumstance of the wheel not being concentric, or 
having a common center with the crank-shaft upon which it is fixed. It becAmes, there* 
fore, a substitute for a short crank, and transmits a reciprocating movement to the rod 
Z, which is connected with the valves at b by the lever Y. These valves being alternately 
•pened and closed by the movement of the rod Z, admit the steam alternately above or 
below the picton. 
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' S""-'""*'' boilere by plsciDg a cjlindrical fur- 
nace wlthiD a cylindrjcal boiler, thua Barrounding the 
lieated BuHocea with water upon all Eridea. Bj tiaa 
method, all the heat, except what eacapea up the . 
chimnej, ia communicated to the water. Such boilera | 
are known as "flue-boileni." Their gaaeral fbnn aiid f 
plan of eonatniction are represented ia ^. 216, 
wii«i ire the "^^^ requiramanta of a baiter at 
pecuiuiities of able for a locomotiTe are, that ^ 

bou™™""'"' **'^ greatest possible quaotitr <rf watw ehoold be evs^oc* 
ated with the greatest rapidity in the least poosible qace. 
The quantity ef fuel consumed ia a aecondair considera&m, aa this c«ii be 
carried in a separate Tshicle. lie principle bj wbicfa thin has beeu accom- 
pliahed, and the invention of which may be said to bttve made the present 
railway Bystem, oonsists in canying; the hot product of the fire throng the 
water in numerous small parallel flues or tubes, thus dividii^ the heated 
matter, and as it were altering it through the walw to be heated. In Uiis 
maaner the EurTaces, by whit^i the wat«r and the heating gases oomiaunicate, 
Me immeasely increased, the whole having a lesemblance to the mechan- 
Pjij 2^j ism of the lungs of aoimale, in 

which the air and ihe blood are 
divided and presented to each 
ot^er at as many points, sod 
with as little intervening matter 
between them, as is consistent 
with their separation. Fig. 21T 
represents the interior of the fire- 
box of a locomotive, showing 
the opening of Uie tubes, which 
extend through the whole length 
of the boiler, and are surrounded 
with water. The smoke and 
other products of combustion paoi 
through these tubc«, and Qiwllj. 
escape up the smoke-pipe. W 
will be farther observed by the 
examioaUon of the figure tlut 
0)0 firD-box Is double-walled, or rather walled and roofed with a layer of 
water, leaving only the bottom vacant, wliicb receives the grate-bars. 

S82. The aafl'ty-valve is generally a conical lid fitted 

ntetf-valn^ into the boiler, and opening outward; it is kept down by a 

we^it, acting on the end of a lever, equal to the pressure 

which the boiler is capable of Bustaining witiiout danger (torn the steam 

generated within. If the amount of steam at any time exceeds Oie preeaure, 
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Fig. 218. 




How does ft 
dimination of 
water ia trail- 
en often oo- 
euioD explo- 
rionsr 



it oyercomes the resistance of 
the weight, lifts the valve, and 
allows the steam to escape. 
When sufficient steam has 
escaped to diminish the pres- 
sure, the valve fidls back into 
its place, and the boiler is as 
tight as if it bad no sudi opening. 
Fig. 218 represents the ordinarj construction of the safety-valve. 

683. The explosion of steam-boilers, when the safety-valvi^ 
is in good condition and working order, is sometimes inex- 
plicable ; but explosions often result from the engineer allow- 
ing the water to become too low in the boilers. When this 
occurs, the parts of the boiler which are not covered with 
water, and are exposed to the fire, become highly overheated. I^ in this 
condition, a fresh supply of water is thrown into the boiler, it comes suddenly 
into contact with an intensely-heated meta] surface, and an immense amount 
of steam, having great elastic force, is -at once generated. In this case the 
boiler may burst before the inertia of the safety-valve is overcome, and the 
stronger the boiler' the greater the explosion. 

-^fYuLi is a ^^^' '^^ degree of pressure which the steam exerts upon 
■team-goage? the interior of the boiler, and which is consequently avail- 
able for working the engine, is indicated by means of an instrument called 
the "steam" or '* barometer-guoge." It 
conasts simply of a bent tube. A, G, D, 
E, Big. 219, fitted into the boiler at one 
end, and open to the ayr at the other. 
The lower part of the bend of the tube 
contains mercuiy, which, when the pres- 
m of steam in the boiler is equal to 
that of the external atmosphere, will 
stand at the same level, H K, in both legs 
of the tube. When the pressure of the 
steam is greater than that of the atmos- 
phere, the mercury is depressed in the 
leg C D, and elevated m the leg D E. A 
Kile, G, III attadied to the long arm of 
the tube^ and by observing the difference 
of the levds of the mercury in the two 
tabes, the pressure of the steam may 

be calculated. Thus, when the mercury is at the same level in both 
legs, the pressure of the steam balances the pressure of the atmosphere, 
and is therefore 16 pounds per square mch. If the mercury stands 30 
iopbes higher in the long arm of the tube, then the pressure of the steam 
']$ equal to that of two atmos^eres, o^is 30 pounds to the square mch, and 
80 on. 



yiQ. 219. 




■» ■ 
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Hoir €» fh« Ab the pre88are«fertemliic»«MW with its tempera^ 
premire of presBore upon the interifnr of the boiler maj also be known liff 
dJoOed^y^a ^^^ ^^ tiiOTDometer inserted into the bcaler. Thus itW 
thermometerr been ascertained tliat steam at 212^ balanoea the atmospbew^ 
or exerts a preesore of 16 pounds per square indi ; at 360^| 
80 pounds ; at 276°, 46 poonds ; at 294^, 60 poanda, and bo on. 

^ ^. 686. The steam-whistle attached to looomotiye and ote 

Deionbe the 

•team-whistte. engines is produced by caosing the steam to issue fron • 

narrow circular sUt, or i^iertore, cut in the rim (^a metalcnp; 

directly over this is suspended a beD, ibnned Mke the beD of a dodL lis 

steam escapmg fix>m the narrow ^minre^ strikes upon the edge or rim cf llij 

bell, and thus produces an exceedingly sharp and piercing sound. The 

of the concentric part whence the steam escapes^ and the depth of tiie b 

part, and their distance asunder, regulate the tones of the whistle frooi 

shrill treble to a deep bass. 



SBCTJON V, 

WABMIKG AHD TEHTIL A.TIO V. 

Upon irhat 586. In the warming and ventilatioii of 

^*^S!Siiii^ buildings, the entire process, whatever expfr-. 
Sf**Xudte^ dients may be adopted, is dependent upon the 
depend? expansion End Contraction of air ; or in other 

words, upon the fact that air which has been heated and 
expanded ascends, and air which has been deprived of 
heat, or contracted, descends. 

What iB ven- 587. Vcntilatiou is the act or operation of 
tiia^on? causing air to pass through any place, for the 
purpose of expelling impure air and dissipating noxious 
vapors. 

The theoretical perfection of ventilation is to render it impossible ftr aiif' 
portion of air to be breathed twice in the same place. 

Id the open air, ventilation is perfect, because ti|^ breatii, tf 
tilation perfect ? it leaves the body, is wanner and lighter than the surroond' 
ing fresh air, and ascending, is immedfatdy replaoed bf » 
ingress of fresh air ready to be received by the next refl|>iratioiL 
_^ Common air consists of a mixture of two gases^ oxygen ant 

onoe respired nitrogen, in the proportion of one fifth oxygen to Ibur fiftbfl 
nnvhoiesomef .nitrogen. By all the forms of respiration or bfeatiihig^ and 
of combustion, the quantity of oxygen in atmospherio air is dimiiiUiBd and 
impaired, and to exactly the same extent is air rendered nnwlntadiM tni 
unsuitable to supply the wants of the animal systemu 
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^^ It is calculated that ft fUll-growD peraoo. of average size ab- 

fc^ ^r is re- Borba aboat a cubic foot of oxygen per boor bj respiration, 
j'^'SlS^ ™<'<»''8^''^'lr™°<'^"fl'^ •''''•'«•**' 'rf"i"""*t tor breatli- 
■> r ing, liaao anrj five cubic feet of lur contaia oue cubic fool of 

oxygen. It is also calculated that two wax or Bperm candles 
oBorb Bd mudi oxygen aa an adult. 

To rainier the air of a room perfectly pure, Bve cubic feet of C-eeh air per 
our, for each person, and two and a half cubic feet Ibr eadi caudle, ebould 

aUowinl to pass in, and an equal quantity to pass out 

1 <riut mm- ^^^- From every heated Rubstance, ati up- 
T'^^Sita^ ward current of air is continually rising. 
"frate '"r- The existence and force of this upward current may bo 

shown in the case of an ordinary atovc, by attaching t> 
ide of the pii« a wire on which a piece of thiclt paper cut ii 
ipiral is auspenucd, as is represented io Fig. 220. The p^ „„- 

l|;ward currenv of hot air striking BgsiDSt the surfaces 
if Cbe coil causes it to revolve rapidly around tUe 
„ Apart from the consideration oi 

ud gnui v«uieuce, it is necessary tliat stove 
ghrnd neu ihe grates, intended tor warming, aliould lie 

lo(.-aled as near to the floor of the n 
as poa^le ; since the he»t of a Bre has very little ef- 
fect upoo tlie ur ol' an apartment below the level of 
Hio eurlace upon which it is placed. 
WIt d<w« 089. When a fire is lighted in 

ivke uocnd or gmte to warm a room, the 
h.thteuBT-r and other gaseous product. 



cut in the form of a 
Fia. 220. 




tion, being lighter than the wr of the room, 
ascend, and soon fill the chimney with a 
column of mr lighter, bulli tor bulk, than 
a column of atmospheric air. Such a col' 
umn. therefore, will have a buoyancy 
proportional Ic its relative lightness, as 
compared with the external air and the 
air of the apartment. 

The upward tendency of a column of 
heated air constitulea the draft of a chim- 
ney, and tills draft will be strong and cP 
fective just in the same proportion as ths 
column of air in tlie diimney is kept 

F:g 221 represents a section of a grat« 
and Lhiuiney. G U represents the light 
n column of sir within the cbim- 



_ ano warm column oi air witnin Lue cuj 

f^^'' ''■■', ' '^'^li ""^ A B the cold and heavy oolui 
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■of air outside the chimnej. The column A B being cold and heavy preMoy 
down, the column C D being light and warm rushes up, and the greater" the 
difference between the weight of these two columns, the greater will be the 
draft. 

A chimney quickens the ascent of hot air by keeping a loDg 
chimneyqulck- column ofit together. A column of two feet high rises, or is 
en the aaoent pressed up, with twice as much force as a column of one 
liot*»S?" " foot, and so in proportion for all other lengths — just as two 
or more corks, strung together and immersed in water, tend 
upward with propprtionably more force than a single cork. 

In a chimney where a column of hot air one foot in height is one ounce 
lighter than the same bulk of external cold air, if the chimney be one hun- 
dred feet high, the air or smoke in it is propelled upward with a force of one 
hundred ounces. 

To what is the ^^ ^^^ ^^^ ^® Sufficiently hot, the draft of 
chiSney**Vo* *^® chimney will be proportional to its length. 

portionalf Yot this reason, the chimneys of large manufkctxuing estab- 

lishments are generally very high. 

How should a A chimney should be constructed in such 
TOiSSSJted? a way that the flue or passage will gradually 
contract from the bottom to the top, being widest at the 
bottom, and the smallest at the top. 

,— ^ The reason of this will be evident from the following con- 

chimney be siderations : — At the base of the chimney, the hot column of 
th?s^mimn^r?° expanded air fills the entire passage ; but as the hot air 
ascends it gradually cools and contracts, occupying less space. 
If; therefore, the chimney were of the same size all the. way up, the tendency 
would be, that the cold external air would rush down to fill ifp the space left 
by the contraction of the hot column of air. This action would still further 
cool the hot air of the chimney and diminish the draft. 

Some persons suppose that a chimney should be made larger at the top than 
at the bottom, because a column of smoke ascending in the open air, ex- 
pands or increases in bulk as it goes up. This, however, is owing, in grea^ 
part, to the action of currents in the air, and to the fact, that a column of 
smoke freely exposed to the air, is more rapidly cooled than in a chimney, 
and losing its ascensional power, tends to float out laterally, rather thatv- 
ascend perpendicularly. 

The causes of " smoky chimneys" are various. 
d?clfmstan^* A chimney may smoke for want of a sufficient supply of 

will a chimney air. If the apartment is very tight, fresh air from witnout^ 
gmo e ^.jj ^^^ ^^ admitted as fast as it is consumed by the £re, and^ 

in consequence a current of air rushes down the chimney to supply the defi- 
ciency, driving the smoke along with it. 

A diimney will often smoke when the heat of the fire is not sufficient 
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rarefy all the air in the diimnej ; in such cases the oold air (condensed in the 
tipper part of the flue) will sink from its own weight, and sweep the ascend- 
ing smoke back into the room. 

When the fire is first lighted, and the chimney is filled with cold air, there 
is c^n no draft, and -consequently the flame and smoke issue into the room. 
ThiS) in most cases, is remedied by the action of a " blower." 

A blower is a sheet of iron that stops np the space above 
«3e of a blower? *^® &^^ ^'^ ^^^ prevents any air from entering the chim- 
ney except that whidi passes through the fuel and produces 
combustion. This soon causes the column of air in the chimney to become 
baated, and a draft of considerable fbrce is speedily produced through the 
fire. The increase of draft increases the intensity of the fire. 

Another frequent cause of smoky chimneys is, that when the tops are 
oonmianded by higher buUdings, or by a hill, the wind in blowing over them, 
fiUls like water over a dam, and beats down the smoke. The remedy in such 
cases is, either to increase the height of the chimney, or to fix a bonnet or 
cowl upon the top. The philosophy of this last contrivance consists in the fhct 
that in whatever direction the wind blows, the mouth of the chimney is 
averted from it 

. In a room artificially heated, there are al- 

What i> the X p • r 1^ J. ' n 

motion of the wajs two currents 01 air ; one oi hot air now- 
arttfidauyheat- ing out of the Toom, and another of cold air 
flowing into the room. 

If a candle be held in the doorway of such an apartment, near the floor, it 
will be found that the flame will be blown inward ; but if it be raised nearly 
to the top of the doorway, the flame will be blown outward. The warm air, 
in this case, flows out at the top, while the cold air flows in at the bottom. 
^ 690. An open fire<place difiers greatly from a close stove 

•tore differ in respect to ventilation, inasmuch as the former warms and 
?J™ if ** **^° ventilates an apartment, while the latter only warms, and can 
respeet to yen- hardly be said to contribute at all to the ventilation. In a 
tUation? ^j^g^ stove, no air passes thraugh the room to the flue of 

tAie chimnoy, except that which passes through the fuel, and the quantity 
of this la necessarily limited by the rate of combustion maintained in the 
•tove. In an open fire-place, a large amount of air is continually rushing up 
the chimney through the opening over the grate, irrespective of what passes 
through the fire and maintains combustion. 

• In summw time, when no fire is made in the chimney, the column of air 
in it is generally at a higher temperature thtn the external air, and a current 
will theref<H« in such case be established up the chimney, so that the fire^ 
place will still serve, even in the absence of fire, the purposes of ventilation. 
In very warm weather, however, when the external air is at a higher tem- 
perature than the. air within the buildiug, the effects are reversed ; and the 
sir in the obimney being cooled, and therefore heavier than the external air, a 
^ovmrifd cmreiit is estabUsbed, which produces in the room the odor of sooL 
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fig. S31 lejOTB E ntg Ifae lines of the eannita.<lMoeud- 
-jng the <±inia^ and drcoUtiDg round nn ^MirtiDeiit 
— . A. room u irell ventilated b^ opening 

twt TCBtOst- the upfei aaab of » window; beoauw 
*" the liot vitiated air (which always a» 

cends toward the ceilii^) can tliiu «eo^e Toora eatOf. 
If the lower eaahrftlie window be also partiall; opened, 
B coneqKmdii^ current of cold air, flowing into 
room, la <Te«ted, Odd ventilation will' be lo Elected i 
po&cUj. 

_^ Open Bre-jdacea are in adapted brOa 

fln^iuH m economical bealiDg: of i^aitineDta, te- 

£S^r *" '*™* •''* ■" ''""'' ^"^ """^ *** " 

to the Ore becomea heated, and p«i 
off direcUy Into Hie chlmnej, without having an oj^iar- 
tuni^ of partiag with ita heat for any naefU pmp 
In addition to this, a qnantilj of the air of t!ie roooi, I 
Which baa been wanned b? radiatioii, is uBetee^ carried I 
away by the draft 

The advantagee of a etove over an I 
tdnnt^Hiiid °P™ flre-pl^ce are aa fbllowa: 
dkt dj»ii t4ge» 1. Being detached fimn the walla of I 

the room, the greater part of the heat f 
produced by combuation is aavedl Tbe laiUated beat 
being thrown into the walla of the stove, tliey beoome ho^ and In tarn nfr 
ate heat on all sides of the room. The oondacted heat is also received bj 
■ucceBdve pmtiooa of tbe aor of tbe roam, wUich paaa in contact with tba 

2. Tbe air being made to pasa through the fiiel, » amaJl supply la auS- 
cient to keep up tbe combustion, aa tbat UtUe need be taken out of 1b> 

3. The amoke, in passing off by a pipe, parta with the greatw part of ia 
heat before it leaves the room.* , i 

Houses wanned by stoves, as a genr Irule, are fll-ventilated. Tbe tk 
coming in contact with the hot metal f K is rendered impure^ which im- 
purity is intTeased by the burning of kat and otlier aDbatiuicea whidi 
settle upon the stove. Tbe air is, in b |sea also, kept so dry aa to tto- 
der it oppreeeive. 

B9I. Tbe method of wanniog booses by the ecunmon hot- 
method of air furnace is as fcllows : — A atove, having lai^ radiating sur* 
h'tS'"* r^^ fijxe, is incloBed in a chamber (generally of masonry). Itiis 
tiueai ohamlier ia fivqnently built with double walla, that it may be 

a better non-conductor of beat. A current of air Jtom with- 
out is brought by a ppe or boi, and delivered under the stove. A part of 
Qiia ail ia admitted to aupply tbe oombnstion ; tiie rest paBsea upward In ttia 
eaTity between the hot atove and the walls of tt>e brick chamber, and, aftM 
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becoming thoroughly heated, is condactedthroogfa passages in which its ligfat- 
nbtss causes it to ascend, and >be delivered in any n^jartment of the hoose. 
'^^^ (^ ^^ the construction and arrangement of a ftimace for heat- 

pointe are of iugi the two points of special importance are, to secure a per- 
ISSi tK^- ^"^ combustion of the fuel, and the best possible transmission 
- Btmctionoffar- of all the heat formed, into the aiJ* that is to pass into the 
***'^ ^ rooms of the house. 

The first of these requisites is obtained by having a good draft and a fire- 
box which is broad and shallow, so that the coal shall form a thin stratum 
uid bum most perfectly. 

The second requisite is obtained by providing a great quantity of surface 

n the form of pipes, drums, or cylinders, through which the smoke and hot 

gases must pass on their way to the chimney, and to which their heat will be 

imparted, to be in turn delivered to the cold and pure air of the rooms of 

ihe house. 

What is th ^^^' "^^^ ^'^^^ advantages of heating by steam are, that 

ftdvmntage of the heat can be conmmnicated for a great distance in any di- 
Jj2^? ^^ rection — upward, downward, or horizontally. As the tem- 
perature of the heating sur&ces, when low-pressure steam is 
used, never exceeds 212^ F., the air in contact with them is never contami- 
nated by the burning of dust, or the abstraction of oxygen. 

Under favorable circumstances, one cubic foot of boiler will heat about 
two thousand cubic feet of suitably inclosed space to a temperature of 70^ to 

-^ X . ^ , . 593. We apply the term fuel to any sub- 

What iB fuel f ^ rr $f ^ j 

stance which serves as aliment or food for fire. 
In ordinary language we mean by fuel the peculiar sub- 
stance of plants, or the products resulting from their de- 
composition^ designated under the various names of wood, 
coal, &c. 

,^ ^ In recently cut wood, fix)m one fifth to one half of its weight 

What propor- i , , , ^ , . , . ^. . i. 

tion of the IS water ; after wood has been dned in the air for ten or 

weight of wood twelve months, it will even then contain fix)m 16 to 26 per 
is water f ""» *^ 

cent, of water. 
The amount of moisture in wood is greatest in the spring and summer, when 
the sap flows fireely and the influence of vegetation is the greatest Woo(i, 
therefore, is generally cut in the winter, because at that season there is but 
little sap in the tissues, and the wood is drier than at any other period. 

Woods are designated as hard and sofL This distinction is 
SS^ited^" grounded upon the faciUty with which they are worked, and 
hard and soft? xx^n their power of producing heat. Hard woods, as the 
oak, beech, walnut, elm, and alder, contain in the same bulk more solid fiben 
and their vessels are narrower and more closely packed^ than those of tb0 
■after klnda^ Budi as pine, larch, chestnut, etc. 

12 
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What is the 594. The weight of wood varies greatly; 
wd^?tiJ?wSod t fr<>"^ forty-four hundred pounds in a cord of 
diy hickory, to twenty-six hundred in a cord 
of dry, soft maple. 

What is the 595. Fof fucl, the most valuable of the com- 
?3iir5"Iw °^on kinds of wood are the varieties of hickory; 
for fuel? Q^f^Qj^ that, in order, the oak, the apple-tree, 

ta3 white-ash, the dog-wood, and the beech. The woods 
Ihat give out the least heat in burning are the white-pine, 
the white-birch, and the poplar. 

Is it mvfltabie ^^^' '^^ remark is sometimes made that " it is economy to 
to burn green bmn green wood, because it is more durable, and thereto 
wood? jjj ^jjQ gjj^ jjjQyg cheap." This idea is erroneous. The con- 

sumption of green wood is less rapid than dry, but to produce a given amoott 
of heat, a far greater amount of fuel must be consumed. 

The evaporation of liquids, or their conversion into steiun, ooDsumes orioh 
ders latent a g^eat amount of caloric. When green wood or wet coal is added 
to the fire, it abstracts from it by degrees a sufficient amount of heat to coo- 
vert its own sap or moisture into steam before it is capable of being bamed. 
As long as any considerable part of this fluid remains unevaporated,'!!^ 
combustion goes on slowly, the fire is dull, and the heat feeble. 

597. Coal and hard wood are- not readily ignited by ths 
and hard woods blaze of a match, because on accotmt of their density they an 
nite*'" with ^^a rendered comparatively good conducitors, and thus carry off 
match ? the heat of the kindling substance, so as to extinguish % 

before they themselves become raised to the temperature 
necessary for combustion. 

Light fuel, on the contrary, being a slow conductor of heat, kindles easily, 
and, from the admixture of atmospheric air in its pores and crevices, burns 
out rapidly, producmg a comparatively temporary, though'often strong heat 



CHAPTER XIII. 

METEOROLOGY. 



What iB Me- ^9^- Meteorology is that department of 
teoroiogy? physical science which treats of the atmos- 
phere and its phenomena, particularly in its relation to 
heat and moisture. 
599. By climate, we mean the condition of a place in 



r 
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,v^t do we relation to the various phenomena of the at- 
teS*cuS[atef* mosphere, as temperature, moisture, etc. Thus, 
we speak of a warm or cold climate, a moist 
or dry climate, etc. 

How is the 600. The mean or average temperature of 
SSre^f a^ the day is fouod by observing the thermometer 
Toand? Q^^ gxed intervals of time during the twenty- 

f)ur hours, aud then dividing the sum of the tempera- 
tures by the number of observations. 

. ^ ^ ^ ^ From such a series of observations it has been found that 

At vhat time 

Is the tempe- the lowest temperature of tlie day occurs shortly before sun- 

da^ti^eMehest "^» *^^ *^® highest a few hours after 12 at noon, somewhat 
nilotKest? later in summer and somewhat earlier In winter. 

The mean annual temperature of any par- 
ticular location is found by taking the average of all the 
mean daily temperatures throughout the year. 

The mean daily temperature of any place seems to vary in a regular and 
ponstant manner, while the mean annual temperature of the same location is 
.very nearly a constant quantity. Thus, by long observations made in Phil- 
adelphia, it has been found that the mean daily temperature of that locality is 
one degree less than the temperature at 9 o'clock, a. m., at the same place ; 
while the mean annual temperature of Paris varied only 4^ in thirteen years. 

;A11 the results of observation seem to show that the same quantity of heat 
is always annually distributed over the earth's surface, although unequally — 
^at is to say, the average annual temperature of each place upon tlie earth's 
uf&ce is very nearly the same. In our latitude, July is on the average the 
liottest month, and January the coldest ; and in reference to particular days, 
ir« may. on an average consider the. 2 6th of July as the hottest, and the 14th 
of January as the coldest day of the year for the temperate zone of the north- 
em hemisphere. 

How doee tern- The avorago annual temperature of the at- 
wiS^^ttTe ^ mosphere diminishes from the equator toward 
tude? either pole. 

At the equator, in Brazil, the average annual temperature is 84° Fahren- 
liDit's thermometer ; at Calcutta, lat. 22° 35' N., the annual temperature ia 
^8o F. ; at Savannah, lat. 32° 5' N. the annual temperature is 65° F. ; at 
liOndon, lat 51° 31' N., the annual temperature is 50° F. ; at Melville 
Island, lat 74** 47' N., the average annual temperature is 1° below zero. 
wii !■ t fth ^^^* ^^ *^® whole surface of the earth were covered by 

temperature of water, or if it were all formed of solid plane laud, possessing 
W^^Sb" ^^" ©v©rywhere the same character, and having an equal ca- 
Utitod* alik* f pacity at all places for absorbing and a^in radiating heat, th9 
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^empeTature of a place would depend onlj on its geographical latitude, and 
conseqaently all places having the same latitude would have a like climate. 
Owing, however, to various disturbing causes, such as the elevation and fiam 
of the land, the proximity of the sea, the direction of the winds, etc., places 
of the same latitude, and comparatively near each other, have veiy different 
temperatures. 

In warm climates the proximity of the sea tends to diminish the heat ; in 
cold climates, to mitigate the cold. Islands and peninsulas are warmer thaa 
continents ; bays and inland seas also tend to raise the mean temperatura 
Chains of mountains which ward off cold winds, augment the temperature^ 
but mountains which ward off south and west winds, lower it. A sandy soil, 
which is dry, is warmer than a marshy soil, which is wet and subject to great 
evaporation. 

602. Air absorbs moisture at all tempera- 

What is the . i . . • , • •••11 . i 

capacity of air tuFCs, and letaiDS it ID an invisible state. 

f or moistare ? m'L • i? xv • • x j "j^ *l-. 

This power oi the air is termed its capacity 
for absorption. 

The capacity of air for moisture increases with the tem- 
perature. 

A volume of air at 32° can absorb an amount of moisture equal to the hun- 
dred and sixtieth part of its own weight, and for every 27 additional degrees 
of heat, the quantity of moisture it can absorb at 32** is doubled. Thus a body 
of air at 32° F. absorbs the 160th part of its own weight ; at 59® F., the 80th; 
at 86° F., tbe 40th ; at 113° F., the 20th part of its own weight in moisture. 
It follows from this that while the temperature of the air advances in an arith- 
metical series, its capacity for moisture is accelerated in a geometrical series. 

When is aix- ^^^ is sald to bc saturated with moisture 
Mid^tobesatu- ^jjgQ j|. contains as much of the vapor of water 

as it is capable of holding with a given tem- 
perature. 

We say that air is dry when water evaporates quickly, or any wetted sur- 
face dries rapidly ; and that it is damp when moistened surfaces dry slowly, 
or not at all, and the slightest diminution of temperature occasions a deposit 
of moisture in the form of mist and rain. Tliese expressions do not however, 
convey altogether a correct idea of the condition of the atmosphere since air 
which we term " dry," may contain much more moisture than that which we 
distinguish as " damp." For indicating the true condition of the atmosphere 
in reference to moisture, we therefore use the terms " absolute" and " relative" 
humidity. 

What i, mean' ^Z ^^ 'T!1 "'" *'"' • ^'''°'"*^ tumidity of the air, W 

bTabsotuTel'S have reference to the quantity of moisture contained In a riven 
rdatiTB humid- volume. By relative humidity, we refer to its proximitvto 
•^ saturation. Relative humidity is a state dependent upon the 

mutual inflaexice of absolute humidity and temperature ; for 4i given rolome 
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of air may benuda to pan fVom asUteof dampneta to (Mie of extreme di7- 
ness, by merely elevating its temperature, and this, too, witiiont altering the 
amouat of moiatore it contaioa in the least degree. 

Whit are Hy- Instrumentfl designed for meaeuring the 
gromeiM*? quantity of moisture contained in the atmos- 
phere, are called Hygrometers. ** 

iT~.n — h.t Many oc^^Miic bodies have the property of absorbing vapor, 

ua and tlius iocrea^g their dimeneiooB. Among such may be 
[^ mentioned hair, wood, whalebone, ivory, etc ^ny of these 
connected with a mechanical arrangement by which the 
change in volume might be registered, would furaiah a hygrometer. 

A large sponge, if dipped iu a solution of salt, potash, soda, or any other 
ButistsDce which tiaa a strong attraction lor water, and then squeezed almost 
dry, will, upon being balanced in a pair of scales suspended trom a steady 
support, be found to preponderate or ascend accordit^ to tbe rehitive damp- 
ness or dryness of the weather. 

Tho board of the wild oat may also serve as a hygrometer, as it twistg 
around, during atmospheric changes from dampoesa to diyoess. 

If we He against a wall a long piece of cat^t, and-hang a weight (o the 
end of it, it will be otraerved, as the air becomes moist or diy, to alter in 
length; and by marking a scale, the two extremities of which are determined 
by observation when the mr is very dry, and when it ia saturated with moist- 
are, it will be found easy to measure the variations. 

Demrlbs th ^'* '''s'™'"^''* called the " Hair Hjgrom- FiG. 223. 

"Hair Hy eter," is constructed upon this principle, 
gromewr." consists of a human hair, fastened at one 

extremity to a screw (see Fig. 223), and at the other pi 
iog over a pulley, being struned tight by a silk thread and / 
wei^t, also attached to the puUey. To tbe axis of the 
ptilley an index is attached, which passes over a graduated 
scale, so that as the pulley turns, through tbe shortening oi 
leiigtJiemng of the hair, the index moves. When tbe in- 
strument is in a damp atmosphere, the hair absorbs a con- 
siderable amount of vapor, and ia thus made longer, while 
m dry air it becomes shorter; so that tbe index ii 
course turned alternately from one side to the other. 

The instrument is graduated by first placing it in air 
tiflcially made as dry as possible, and the pomt on 
scale at which tbe index stops under these circumstances, 
is tbe point of greatest dryaem, and is marked 
hygrometer is then placed in a contlned space of air, 
ia completely saturated with vapor, and under the 
cnmstances the index moves to the other end of the scale : 
lliis point, which ia that of greatest moisture, is marited 
the Qmi TOrdi vyptf (raaUO Kti lurf. 
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100. Hie infenrening space ia then divided into 100 e^ual pftrta^ wliiak> 
indicate different degrees of moisture. 

Such hygrometers are not, however, considered as altogether reliable. 

SECTION I. 

PHENOMENA AND PRODUCTION OP DEW. 

whatisDeir? 603. Dew IS the moisture of the air con* 
densed by coming in contact with bodies colder 
than itself. 

tvhttt is the 604. The temperature at which the conden- 
Dcir-Poiiit? sation of nioisture in the atmosphere com- 
mences, or the degree indicated by the thermometer at 
which dew begins to be deposited, is called the " Dew- 
Point" 

. . This point is by no means constant or invariable, since dew 

point a con- is only deposited when the air is saturated with vapor, and 
Btant one? ^]^q amount of moisture required to saturate air of high tem- 

perature is much greater than air of low temperature. 

If the saturation be complete, the least diminution of temperature is at- 
tended with the formation of dew ; but if the air is dry, a body must be 
several degrees colder before moisture is deposited on its surface ; and indeed 
the drier the atmosphere, the greater will be the difference between the tem- 
perature and its dew-point. 

• Dew may be produced at any time by bringing a vessel of 
productkm * of ^^^ water into a warm room. The sides of the vessel cool 
dew be occa- the surrounding air to such an extent that it can no longer 
time ? retain all its vapor, or, in other words, the temperature of the 

air is reduced below the dew-point ; dew therefore forms upon 
the vessel. A pitcher of water under such circumstances is vulgarly said to 
•* sweat." 

In the same manner, moisture is deposited upon the windows of a heated 
apartment when the temperature of the external air is low enough to suflS* 
ciently cool the glass. 

„^ , ^ As soon as the sun has set in summer, and the earth is no 

formed in sum- longer receiving new supplies of heat, its surface begins to 
mer after sun- throw off the heat which it has accumulated during the day 
by radiation ; the air, however, does not radiate its heat, and, 
in consequence, the different objects upon the earth's surface are soon cooled 
down from 7 to 25 degrees below the temperature of the air. The warm 
vapor of the air, coming in contact with these cool bodies, is condensed and 
p^^'cipitated as dew. 

In a dear summer's night, when dew is depositing, a thermometer laid 



PH]BjrOXBK:A AND '1>B0DUCTI0K OUf'^EW. {271- 

iipon the grass, wiA- sixik nearly 20 degrees below one sounded in the air 
at a little distance above. 

- h t h. "^ bodied have not an equal os^iacity for radiating heat^ 
stances is dew but-some- eool much more rapidly and perfeddy than 'Others, 
f ^0^?** ™*^'* Hence it follows, that with the same exposure, some bodies 
will be densely covered with dew, while others will remain 
perfec?tly^-dry^ ■ ■> .... . . . , . . 

Grass, the leaves of trees, wood, eta, radiate heat very fireely : but polished 
metals, 'smooth stones, and woolen cloth, part with their heat slowly: the 
former of these substances. will therefore be completely drendied wi^ d^ 
while the latter, in the same situations, will be almost dry. ' ^ 

•' The sur&ces of rocks and barren lands are so compact and hard, that they 
can neither absorb nor radiate much heat; and (aftvttliir temperature varies 
but slightly) very littie dew deposits upon them. Cultivated soSs, on the 
contrary (being loose and porous) very freely radiate by. sight the heat which 
they absorb by day; in consequence of which they are much cooled down, 
and plentifully condense the vapor of the air into dew. Such a condition 
of things is a remarkable evidence of design on the part of the Creator, since 
every plant and inch of land which needs the moisture of dew is adapted, to 
collect it; but not a single drop is wasted where its refreshing moisture is not 
required. 

• ^ 605. Dew is deposited most freely upon a calm, dear nighty 

stances influ- Since under such circumstances heat radiates from the earth 
dr*^***^f dew? ™^^ freely, and is lost in space. On a cloudy night, on the 
contrary, the deposition of dew is almost entirely interrupted, 
since the lower sur&ces of the clouds turn back the rays of heat as they 
radiate, or pass off from the earth, and prevent their dispersion into space ; 
the sur&ce of the earth is not, therefore, cooled down sufiBcientiy to chill the 
YSi;por of the air into dew. 

When the wind blows briskly, also, littie or no dew is formed, since warm 
air is constantiy brought into contact with solid bodies, and prevents their re- 
duction in temperature. 

Can dew be ^^^ ^s always formed upon the surface of 
properly Mid to ^j^g material upon which it is found, and does 

not fall from the atmosphere. 

Other things being equal, dew is most abundant in situations most exposed,- 
because the radiation of heat is not arrested by houses, trees, eta Little dew 
18 ever observed in the streets of cities, because the objects are necessarfly 
exposed to each other's radiation, and an interchange of heat takes place^ 
which maintains them at a temperature uniform with the air. 
-j^ - -. Dew rarely &ll8 upon the surface of water, or upon ships 

opon the sur- in mid-ocean. The reason of this is, that whenever the 
&C8 of water f aqueous particles at the surface are cooled, they become heavier 
than those below them, and sink, while wanner and lighter particles rise to 
the top. These, in their turn, become heavier^ and descend ^ and this pro- 
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oesfl^ ooDUniiing throughoat the nighty naamtauiB the smftoe of the water and 

the air at nearly the same temperature. 

Although dew does not appear upon ihips in mid-ooeoD, it is fine^ depos- 
ited on the same vessels arriving in the vidnitj of land. Thu^ navigatois 
who proceed from the Straits of Sunda to the Coromandel co— t^ know thst 
they are near the end of the voyage when they perceive the ropei^ arili^ and 
other objects placed on the deck become moistened with dew dmi^f tbe 
ni^t 

The exposed parts of the human body ane never oovered witii dew, bafiniM 
file vital temperature, varying from 9G° to 98^ F., eflfoctoaHy p rofWli A kM 
of heat sufficient for its deposition. 

Dew is prodnoed most copiously in tropical eoontriefl^ beamte ttwre ii id 
such latitudes the g^atest difference between the temperature of the d^f and 
tiiat of the night The development of vegetation is aJso greatest in tropica) 
countries, and a great part of the nocturnal cooling is due to tiie leaTes whicb 
present to the sky an immense number of thin bodiefl^ having large suifiioe, 
well adapted to radiate heat 

Dew rarely falls upon the smalljslands of the Pacific; the reason ois, that 
the air over the vast ocean in which these islands are situated, preserves a 
nearly uniform temperature day and night The islands are comparatively 
of small extent, and the stratum of air cooled by the contact of the soil is 
warmed by mixing with the air that is constantly reaching it from the sea. 
This prevents a depression of temperature in the air sufficient to cause a depo- 
sition of dew. 

What is frost? 606. Fiost is frozcn dew. 

When the temperature of the body upon which the dew is 
deposited sinks below 32^ F., the moisture freezes and assumes a solid form, 
constituting what is called "/ro5<.'* 

Shrubs and low plants are more liable to bo injured by frost than trees of 
a greater elevation, since the air contiguous to the surface of the ground is the 
most reduced in temperature. 

Why does a -^.11 exceedingly thin covering of maslin, 
pect'^bj^ matting, etc., will prevent the deposition of 
ftSS?^*^ **' dew or frost upon an object, since it prevents 
the radiation of heat, and a consequent cool- 
ing sufficient to occasion the production of either dew or 
frost. 

Fig. 224, in which the arrows indicate the movements of heat> and tho 
numerals the temperatures of the earth and air under different circumstances, 
will render the explanations of the phenomena of dew and frost more in- 
telligible. 

The figures in tho middle of the diagram represent tho temperature of tho air 
at a distance trom the surface of the earth ; the figures in the margin, the 
temperature of the air adjoining the suriaco of the oarth ; the figures below 
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Sie inarsin, the tempeimtim of the earth itael£ 3^ direction* of the mrnnn 
repreeeat the radiHtioD and reflection of the heat 
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SECTION II. 

CL0TII13, RUN, SKOW, AND SAIL, 

whrt ira ^^- Clouds consist of vapor evaporated from 

dimdii ^jjg earth, and partially condensed in the 

higher regions of the atmosphere. 

BniamMor When air, saturated with vapor, in imme- ■ 
ni(«xuioii«ir ^jate contact with the surface of the earth is 
Cooled down rapidly, its vapor is condensed ; if the con- 
densation, however, is not sufficient to allow of its precipi- 
tation in drops, it floats above the surface of the earth as 
uifit or fog. 

Bovdodoadm Clouds, fog, and mist differ only in one re- 
^^Md miM ppect. Clouds float at an elevation in the air, 
while fogs and mists come in contact with the 
nrfoce of the earth. 

Hist and tog are also Ibnoed when the water of lakes and rirera, or the 
damp gtoand, ia wanner than the aurronnding air which is saturated with 
HMtetute. The rapora whidi rise in coosequeooa of the higher temporaturo 
of the water, are imraedi.itely recondenaed, as soon as they ditTuse themselvci 
Ihnngh the colder air. 

Ifiat and fog are obserred most frequently over rivers and maralies, be- 
ll the air is nearly saturated with v^kit, aad therefore 
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the least dqyreMUm tf ttmpentare will compel it to relinqnlah aome of tti 

moisturo. 

The moisture oontaiMd in the air we expel ftom the hrngs 
moistnre of in the proooss of rcspifation, is visible in winter, bat not in 
ibr^ln^SBter "'>'"°>^* The reason of this ii^ that in odd weather the Tipor 
and not hi is ooodensod by the external air, bat in anmmer the tempen- 
•amiMrr toze of the air is not soffldentl J ledooed to effect condensBtion. 

In vhat man. I>aring the daily process of evaporation firom the mafusd of 
ner are doods the earth, warm, humid omrents are ccmtinnally asoen^Ung; 
formadr ^j^ higher they asoend, the colder is the atmosphere into 

which they enter; and as they oontinne to rise, a pomt will at length be 
attained where, in union with the colder air, their original humidity can no 
longer bo retained : a doud will then i^poar, whidx increasea in bulk with 
the upward progress of the current into colder regions. 

To a person in the Tallcj, the top of a mountain may seem enveloped in 
clouds ; while, if ho wcro at tho summit, he would be surrounded by a miit^ 
or fog. 

Tho reason why douds, which are condensed vapw, flea* 
float in the at- in tlio atmosphere is, that they consist of very minute glob- 
moaphero ? ^i^g (ealle<l vesicles), which, although heavier than the 8a^ 

rounding air, have a great extent of surfaco in comparison with their weight 
On account of tho resistance of tho air, they sink very slowly, as a soap- 
bubble, whicli greatly resembles theso vesides, sinks but slowly in a calm 
atmosphoro. J\s theso vesicles do, however, gradually sink, tho question 
ariscM, wliy do not tho clouds fall to tho ground? Tho explanation of this ia^ 
that the vesicles which sink iu calm weather can not reach the ground, be- 
cause ill their descent they soon meet with warmer strata of air which arc not 
saturated with moisture, where they again dissolve into vapor and are lost to 
view: at the same time that tho vesicles of vapor dissolve at the lower limits 
of tho clouds, now ones aro formed above, and thus the cloud appears to float 
immovably iu tho air. 

"When the atmosphere is agitated, tho vesicles of vapor constituting donds 
are driven in the direction of the currents of air. A wind moving in a hori- 
zontal direction will carry the clouds in tho same direction ; and an ascend- 
ing current of air will lift them up, as soon as its velocity becomes greater 
than the velocity with which tho vesicles would fall to the ground in a calm 
condition of the air. In like manner, soap-bubbles aro elevated by the wind 
and carried to considerable distances. i 

, , , Clouds frequentlv appear and disappear with a change ia 

How- do winds ,, ,. . , ,' «,, . , ,«, .^ ,, . j 

affect the the direction and character of the wind. Tlius, if a cold wmd 

pioudi? blows suddenly over any region, it condenses the invisible va. 

por of the air into cloud or rain ; but if a warm wind blows over any regkffl, 
it disperses tho clouds by absorbing their moisturo. 

Tho averaf/e height at whi(?h clouds float above the Burfi«» 
ATerage height ^^ *^® earth in a calm day, is between one and two mUea. 
of oioads? Light, fleecy douds, however, sometimes attain aa slevatioa 

•f fire or six mikt. 
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What ooeafdong When clouds are not continuous over the who/e sur&ce of 
and brok«n*ap^ the sky, various circumstances contribute to give them a 
pearance of rough and uneven appearance. The rays of the sun falling 
upon different sur&ces at different angles, melt away one set 
of elevations and create another set of depressions ,* the heat also, which is 
liberated below in the process of condensation, the currents of warm air 
escaping from the earth, and of cold air descending from above, all tend to 
keep the clouds in a state of agitation, upheaval, and depression. Under 
these influences, the masses of condensed vapor composing the clouds are 
causied to assume all manner of grotesque and fancifoi shapes. 

The shape and position of clouds is also undoubtedly influenced in a con- 
siderable degree by their electrical condition. 

_^ Clouds are frequently seen to collect around 

Whydoclouds . 111 a 1 i 

frequently col- mountam pcaks, when the atmosphere else- 
mountadn whcrc is clcar and free from clouds. This is 

caused by the wind impelling up the sides of 
the mountains the warm, humid air of the valleys, the 
moisture of which, in its ascent, gradually becomes con^ 
densed by cold, and appears as a cloud, 
jj^^ ^^ 608. Clouds are generally divided into fou* 

kindsof clouds crreat classes, viz. : the Cirrus, the Cumulus" 

are recognized? , -^ t 1 -^-r 

the Stratus, and the Nimbus. 
cS!i*sdoud*? ^^® Cirrus* cloud consists of very delicate 

thin streaks, or feathery filaments, and is 
usually seen floating at great elevations in the sky during 
tl^e continuance of fine weather. 

It is highly probable that the cirrus doad, at great elevations, does not con- 
sist of vesioles of mist, but of flakes of snow. 
Fig. 225, a, represents the appearance of this variety of cloud. 

What is the The Cumulusf cloud consists of large round- 
cuumiM cloud f^^ masses of vapor, apparently resting upon 
a horizontal basis. When lighted up by the sun, cu- 
mulus clouds present the appearance of mountains oi 
snow. 

The cumulos is especially the cloud of day, and its figure is most perfect 
daring the fine, warm days of summer. 

Fig. 225, 6, illustrates the appearance of the cumulus cloud. 

Tl'.ese clouds appear in greatest number at noon, on a fine day, but disap- 
pear as evening approaches. The explanation of this is, that at noon the cuj> 

• From the Latin word cirrus — a lock of hair, or curl, 
t From the Latin word mtmuhis — a maai, or pile. 
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rents of warm air aiicciidinf; from tbe earth are mora booysDt, Isrger, and li^ 
biglKT, mid when cuuileiia.-il, fbrm largo masaes oT clouds, each of whidi mij 
be considered aa tliu cnpttul of a columu of air, wlioeo base rcata upoD tbe earth. 
Ab iLo licut of Ihu nun dinimulitB in tlie afternoon, tlio Etrengtli of thecur- 
rcDta abate, Ilio clouds, wbicb are buoyed up by Ihelr ibrcc, ainlc down into 
wanner ri'ijiouE of Ilie atmuaphere, and ore either portiall; or whoU; il» 

Fl<3. 32S. 



■ The rounded flffure of tlio cumulus has been nltributcd to its method nf 
formation ; for when one fluirl flows throuRh uiiiithifr at reit, tho outline of 
tiic li|:!urc iixsumed by Ibc Srst will 1)o cniiiixtwil of I'lirveit lines. This fad 
may be shown, and the iipimiraui-e nf the ciimulua imitated, hy aJlowiiifr b 
drop of milk or ink to Gill into a p:lnES of n'iitir. The same tiling is nJM) 
seen in the shupe of a uloiid of ateam aa it isauca Erom the boiler of a loco- 
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What ifl Che ' The Stratus,* or stratified cloud, consists 
strata, doodf ^f horizontal strcaks, or layers of vapor, which 
float like a veil at no very great elevation from the surface 
of the earth. They frequently appear with extraordinary 
brilliancy of color at sunset. 

llie appearance of the stratus is represented at c. Fig. 226. 

"What is the '^^®. Niuibus, or the cloud of rain, has no 

Nimbus? characteristic form. It generally covers the 

whole horizon, ina parting to it a bluish black appearance. 

The various forms of clouds gradually pass into each other, so that it is 
often difficult to decide whether the appearance of a doud approaches more 
to one type than another. The intermediate forms are somelimes designated 
as cirro-stratusj cirro-cumulus, and cumulo-stratus. 

609. Eain is the vapor of the clouds or air 
condensed and precipitated to the earth in drops. 
How is rain Rain is generally occasioned by the union of 
occasioned? ^^q ^j, Q^orc volumcs of humid air, differing 
considerably in temperature. Under such circumstances, 
the several portions in union are incapable ot absorbing the 
same amount of moisture that each could retain if they 
had not united. The excess, if very great, falls as rain ; 
if of slight amount, it appears as cloud. 
Upon what law 610. The law upon which the condensation 
tiSSrSrSTdSl of vapor and the formation of rain depends is, 
P®°*' that the capacity of the air for moisture de- 

creases in a greater ratio than the temperature. 

611. Rain fells in drops, because the vesicles of vapor, in 
^U^tadr^? their descent, attract each other and merge together, thus 
forming drops of water. The size of the drop is increased in 
proportion to the rapidity with which the vapors are condensed. 

In rainy weather the clouds fall toward the earth, for the reason that they 
are heavy with partially-condensed vapors, and the air, on account of its 
diminished density, io less able to buoy them up. 

612. The quantity of rain falling at any one time or 
place, is measured by means of an instrument called a 
" Rain-Guage." 

This usually consists of a tin cylindrical vessel, M, Fig. 
'SSloW^^ 226, the upper part of which is closed by a cover, B, m the 
shape of a funnel, with an aperture in its center. The water 
* Strata!, firom the Latin atrotuc— that which lies low in the form of a bed or layer. 
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EiDintnpoii tbeloprf 
tbe e^lmder flmra into 
the interior tbnx^ 



the I 



md i 



thus protected from 
evaporatioD. Framflw 
baee of the appara- 
tus a graduated glaa 
tube, A, ascend^' iii[ 
wbidi Uie water 



_ ' height aa in the io- 

teriOT of tie cjhader. 
Supposing the apparatus to be placed in 3i[t exposed dtuatioD, sod at the end 
of a mooth, for example, the height of the water'in the tube is five mdiee; 
this TTould indicate that the water in the cylinder had attaioed to ta equal 
elevation, and consequently that the rain which had Men during this inte^ 
val, would, if not diminished hj evaporation or infiltration, cover the earth to 
the depth of Ave inches. 

613. Rain falls most ftbundantlj in countries near the equs- 
Uoni lg r^n tor. aud decreases iu qiiaotity as wo approach the poles. 
malt Bbundmol ; There are moro rainy days, howcf er, in the temperate zones 
tiian in the tropica although the yearly quantity of rain falliog in the latter 



in the fora 

of the United States, there are on an average about 
in tho Southern States the number ia Eomewliat 



districts is much greater t 

In tho northoro portion! 
134 rainy days in a year ; 
less, being about 103. 

The reason why it raina more frequently in tho temperate zones than in the 
tropics is because, the former nro regions of variable wrads, and the tempe- 
rature of the atmosphere changes oflon ; while in tho tropics the wind changes 
but rarely, and the temperature is Tcry constant throngljout a great part of 
the year. In the tropics the year is divided into only two seasooa, the wet, 
or rainy, and tho dry season. 

■What i9 Hie The Everagc yearly fall of rain in the tropics 
rir"ndLff''raot ^^ ninetj-fivG inches ; in the temperate zone 
couniriBf only thirty-fire. 

The greatest rain-fall, however, is prcdpitated in the Bhorteat tjme. Ninety' 
five inches Ml in eighty days on the equator, while at St Petersburg lU 
yearly rain-fall is but seventfien inches, spread over one hundred and sixty- 
Dine days. Again, a tropical wet day ia not continuously wet. Tho morn- 
ing is clear ; clouds form about ten o'clock ; the r^n begins at twelve, and 
pours till about half past four ; by sunset the clouds arc gone, and the nights 
■re invariably fine. . 

The depth of rain which falls yearly in London is about twenty-five inches ; 
but at Vera Cruz, in the Gulf of Mexico, rain to the amount of two hundred 
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and seventy-eiglxt iiicbes is precipitated. The explanation of this is to be 
fpuna in the peculiar location of the city, at the foot of loflj mountains, whose 
summits are covered with perpetual snow ; against these the hot, humid air 
from the sea is driven by the winds, condensed, and its excess of moisture 
precipitated as rain. 

614. Some countries are entirely destitute of rain; in a part of Egypt it 
never rains, and in Peru it rains once, perhaps, in a man's lifetime. Upon 
the table-land of Mexico, in parts of Guatemala and California, rain is very 
rare. But the most extensive rainless districts are those occupied by the 
great desert of Africa, and its continuation eastward over portions of Arabia 
and Persia to the interior of Central Asia^ over the great desert of Gobi, the 
table-land of Thibet, and part of Mongolia. These regions embrace an area 
of five or six millions of square miles that never experience a shower. 

The cause of this scarcity is to be sought for in the pecuHar conformation 
of the country. 

In Peru, for example, parallel to the coast, and at a short distance from the 
«ea, is the lofty range of the Andes, the peaks of which are covered with 
perpetual snow and ice. The prevailing wind is an east wind, sweeping from 
the Atlantic to the Pacific across the continent of South America. As it ap- 
proaches the west coast, it encounters this range of mountains, and becomes 
do cooled by them that it is forced to precipitate its moisture, and passes on 
to the coast almost devoid of moisture. In Egypt and other desert countries, 
the dry sandy plains heat the atmosphere to such an extent that it absorbs 
moisture, and precipitates none. 

On the other hand, there are some countries in which it may be said to 
always rain. In some portions of Guiana, in South America, it rains for a 
great portion of the year. The fierce heat of the tropical sun fills the atmos- 
phere with vapor, which returns to the earth again in constant showers as 
the cool winds of the ocean flow in and condense it. 

, 615. The whole quantity of water annually precipitated as 

▼hole &Ai- rain over the earth's surface is calculated to exceed seven 
™***titv^^'^f ^^'^^^Gd ^°d sixty millions of tons. This entire amount is 
rain? raised into the atmosphere solely by evaporation. It has been 

also calculated, th^t the daily amount of water raised by 
evaporation from the sea alone, amounts to no less than one hundred and 
sixty-four cubic miles, or about sixty thousand cubic miles annually. 

During the months of October and November, the daily amount of evapo- 
ration from the surface of the ocean, between the Cape of Good Hope and 
Calcutta, is known to average three quarters of an inch from the whole 
surface. 

What curions ^^® amount of moisture constantly present in the atmos- 
inflaences are phere of any country, exercises an important influence upon 
vhTJfSrture'S *^® physical system of the inhabitants, and upon their arts 
the atmosphere? and professions. The atmosphere of the northern United 
States is uncommonly dry, much more so than in England or 
Oermany. To this in a great measure is owing the differenoe in the phyaoal 
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ftppearance of the inhabitants of these respective countriea Painten findtbat 
their work dries quicker, also, in New England than in central Europe. 
Cabinet-makers in the United States are obliged to use thicker glue, and 
watchmakers animal instead of vegetable oil Pianos are rarely imported from 
Europe into the United States, because the difference in the dimate of these 
two countries is so great, as respects moisture, that the foreign inatnunents 
shrink, and quickly become damaged. 

whatiBSnow ? 616. Sdow is the condensed vapor of the ah*, 
\ frozen and precipitated to the earth. 

How Is mow ^^ knowledge ia respect to the formation of snow in the 
probably form- atmosphere is very limited. It is probable that the clouds in 
^ ' which the flakes of snow are first formed, consist^ not of vesi- 

cles of vapor, but of minute crystals of ice, which by the continuooa condens- 
ation of- vapor become larger and form flakes of snow, which continue to 
increase in size as they descend through the air. 

When the lower regions of the air are sufficiently warm, the flakes of snow 
melt before they reach the ground ; so that it may rain below, while it snows 
above. 

The largest flakes of snow are formed when the air abounds with vapor, 
and the temperature is about 32° F. ; but as the moisture diminishes, and the 
cold increases, the snow becomes finer. 

In extreme cold weather, when a volume of cold air is suddenly admitted 
into a room, the air of which is saturated with moisture, it sometime^ hap- 
pens that the vapor of the room will be condensed and frozen at the same 
instant, thus producing a miniature fall of snow. 

,^ . , 617. On examining a snow-flake beneath a microscope, it ia 

physical com- found to consist of regular and symmetrical crystals, having a 

S^ow^Zke ? * S^^^* diversity of form. 

These crystals also exist in ice, but are so blended together 
that their symmetry is lost in the compact mass. 

The crystals of snow may, under favorable circumstances, be seen with 
the naked eye, by placing the flake upon a dark body cooled below 32° F. 
Fig. 227 represents the varied and beautiful forms of snow crystals. 

The bulk of recently-fallen snow is ten -or twelve times greater than that 
of the water obtained by melting it. 

618. Hail is the moisture of the air frozen 

What is Hail? . , ^. 

into drops oi ice. 

Can the phe- '^^^ phenomenon of hail has never been satisfactorily ex- 
nomenonofbaii plained. It is difficult to conceive how the great cold is pro- 
K^tisfertJriTy ? duced which causes the water to freeze under the circum- 
stances, and also how It is possible that the hail-stones, after 
liaving once become sufficiently large to fall by their own weight, can yet 
remain long enough in the air to increase to so considerable a size as is 
sometimes seen. A hail-storm generally lasts but a few minutes, very sel- 
dom as long as a quarter of an hour; but the quantity of ice which 



onds in so shoit a time it 
LUoTawoghtof lOor 12 oi 

Fig. 227. 
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619. Hul-stones am geuerall; pear-riiaped, and if the/ are divi4ed thrDugk 
(he center, tliey will be found to be imposed of alternate layers of ice (um 
■DOW, arranged around a nudens, like the coa,\e of bd onion. 

Hail-sttmnB occur moat freqiientlf in temperate climatof^ and raretj witUo 
Qlc trofHca. Tliej occur most Irequentij in northern latitudes, in the vidui^ 
3f high mouDtaiDB, whose peaks are alwajs covered with ice and snow. Tlie 
mtli of Franco, which lies between the Alps and Pjrencea, a annually rar- 
Iged tif liail ; and the damage which it cansea jeaii; to Tineyards and staild- 
ing crops baa been eetunated at upward of nine milUonB of dollars. 
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620. Wind is air put in motion. The sir is 
never entirely free from motion, but the ve- 

I^ity with which it moves ie jierpetually varying. 

621. The principal cause of movements in 
^riBdweuue the atmosphere is the variation of temperature 

produced hy the alternation of day and night 
and the succession of the seasons. 

HsT cw TnH- When, Ibroogh the agency oT ilie euu, a particular portion 
^^a^ IJJ^ of the earth's surfece is heated to a greater degree than the 
air resting upon it becomeg rareQed and 
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Itfooidfl, while a cinrent of ooM air roahes in to msppfy ^bo Taoiaicjf. Mti 
correnta, the one of wann air flowing out, and the oilier of 'CcAd air UMAbt 
in, are thua continuallj prodaoed; and to theae movementa of tiie atmoiphero 

we apply the deaignation of wind. 

' if the whole maOidb oftheBbrOT wm odVmd wffi- watei^ 

pbydao* Si^ ^^ winda woold alwi^ fi>Uow the boo, and hlaw miilinnly- 

tares of the ftom east to weat Tlie dixectioii of the wfa|d Jii^ honrtavoi 

eft^^^bettbe oontinqallj aubj^ to iniemiptioiL ftom maqhtahii^ defeer^ 

plaina, ooeaba^jeta y-' ' . 

Thua mountains which aro covered witb abdw, condanwi ind, cool tiie air 
brooght m coiitutwHfa Hieiii, and wImq ttie tampantm of fiio ooriniit of 
air oooatitathig the wfaid is diaoged, itadhwstkm ia liabto to b» 
The ocean ia never lieatod to the aame'degrBe m the hndy^abd i&iiioaa- 
quenoe of thia, tlie general ^Ureotkm of the wind ii ftom tnoto. of ooeaii td- 
wardtraotBofland. ^' 

In thoae porta of the wtnld wliich present an extended anrfiuse of watei^ 
the wind blowa with a great degree of regidaril^. 

What if the ^^^ Every variation ezialB in the apeed of wiad^ ftoni 
▼eiocttf and the mildeat aephyr to the moat violent hnrrfeane. 
foroeof winda? ^ ^^^ ^^^y^ ^ j^^j^^ pCToqitible moves witii a velocifrr 

of about one mile per hour, and with a perpendiotilar force on one aqoaie foot 
of '005 pounda avoirdnpoia. 

In a storm, the velocity of the wind ia flxMn 50 to 60 milea per boof, and 
the pressure from 7 to 12 pounds per aquare foot In aome hnrricanea^ toe 
velocity has been estimated at from 80 to 100 milea per lumr, with a varying 
force of from 30 to 50 pounds. 

The force of the wind is ascertaiaed by ob- 
fo?^ of wiad serving the amount of pressure that it exerts 

calculated? . ■, ^ i* i . •. 

upon a given plane surrace perpendicular to its 
own direction. 

If the pressure-plate acts freely upon spiral springs, the power of the wind 
is denoted by the extent of their compression, which thus becomea a measora 
of their force, the same as in weighing by the ordinary apring^balanoe. 

What ia an ^^ instrument for measuring the forpaof 
Anemometer f ^|jg ^j^^ jg called au Ancmomcter. 

How mar winda 623. Wiuds mav be divided into three 
bediTidedf classes :— Constant/ Periodical, and YariaUo 

winds. 

624 In many parts of the Atlantic and Pacific ooean^ the 
trade-wfadaf* wind blows with a uniform force and constancy, ao that s 



ael may sail for weeks without altering the positicm of a aail 
or apar. Such winds have reodved the designation of trade-wii^ inaamncfa 
JM they are most convenient for navigation, and alwaya Mow ui one direotioiL 
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What to the ^® trade-winds are caused by the movements of vast cur- 
cause of the rents of air which are continually flowing between the poles 
trade- winds r ^^ ^3 equator. Thus the air which has been greatly heated 
by the sun in regions near to the equator, rises and rans over toward either 
pole in two grand.upper currents, under which there flows from north and 
south two other currents of colder air to occupy the space vacated, and to re- 
store the equilibrium. 

.„;^ ^ , 625. In the northern hemisphere the trade-winds blow from 

What occasions ^ 

the direction of the north-east, and in the southern hemisphere from the south* ' 
the trade-winds ? g^gt^ 

The reason they do not blow fit)m the direct north and south is owing to 
the revolution of the earth. The circumference of the earth being larger at 
the equator than at the poles, every spot of the equatorial surface must move 
much faster than the corresponding one at the poles : when, therefore, a cur- 
rent of air ftx)m the poles flows toward the equator, it comes to a part of the 
earth's surface which is moving faster than itself; in consequence of which 
it is lefl; behind, and thus produces the effect of a current moving in the op- 
posite direction. 

The region over which the trade-winds prevail extends for about 25 degrees 
of latitude, on each side of the equator, in the Atlantic and Pacific oceans. 

The reason the trade-winds do not blow uninterruptedly from the equator 
to each pole is/)wingto the change which takes place in their temperature as 
they move north and south. Thus in the northern hemisphere the hot air 
that ascends from the equator and passes north, gradually cools, and becomes 
denser and heavier, running as it does over the cold current below. The 
cold air from the pole, too, gradually becomes warmer and lighter as it passes 
south, so that in the temperate climates there is a constant struggle as to 
which shall have the upper and which the lower position. In these regions, 
consequently, there are no uniform winds.* 

whatare mon- 626. MoDsoons are periodical currents of air 
"*^°** which in the Arabian, Indian, and China seas 
blow for nearly six months of the year in one direction, 
and for the other six in a contrary direction. 

They are caUed monsoons from an Arabic word signifying season ; they are 
also cared periodical winds, to distinguish them from the trade-winds whick 
•re constant. 

What Is the "^^® theory of the monsoons is as follows: — During six 
theory at the months of the year, from April to October, the air of Arabis^ 
moasooiwf Persia, India, and China, is so rarefied by the enormous heat 

of theitsummer sun, that the cold air from the south rushes toward these 

* The existence of a f^eat carrent of air in the upper regions of the atmosphere, flow- 
ing in an nearly contrary direction to the trade-winds, has been confirmed by the ob- 
■enrations of travelers who have ascended the Peak of Teneriffe, or some of the high 
mountains in the islands of the Soathem Pacific Ocean. At a height of about 18,000 feet 
a wind is encountered, blowing constantly in an opposite direction to that which prerails 
«t the IcTcl of the iea below. 
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ooontriei, acroM the equator, and ptodnoaa A auuU ia w i i vind. Whoi fte 
auD, OQ the other haDd, has left the northen lide of tb» aquainr ftr fte 
Boutbem, the aouthem hemisphere is rendered hotter than tbe norllMn, ml 
the direction of the wind is rerersed, or the mcmaona blows bmHiiissI frosi 
October to April 

The monaooBs are more pofrorfhl than iSb» tnde-winda^ and verf oAn 
amoont to violent galea. They are^ also naoie naefiil' than tha tnide^wiiidi^ 
aince the mariner ia able to avail himsdf of tiieir peiiodic diaagea to go ia 
one direction daring one half <^the jear, and retwit hi the opposite dinotios 
daring the other hal£ 

What te fiM 627. In some parte of the woM, as on eoasts and iimik, 
ezpittMiitm of the heating action of tiie son ptodnoeS dail^ periodieal irindi^ 
^M^ "^ which are termed land and Ben>breeaes. 

During the day, the land beeomes m!iiBhBO0ebi|^]jbeate& 
by the son than the adjacent water, and ooMaqolBntly tiie air rearing iqxn 
the land ia much more heated and rarefied than tiiafe upon the watai; Tte 
cooler and denaer air, therefore^ flows from the water toward the land, eoa- 
Btituting a sea-breeze, and, displacing the warmer and lighter air over tke 
land, forcea it into a higher region, along whieh it flows in an iqiper ooneot 
seaward. • 

At night a contrary effect ia prodnoed. After sonset the land eools smdi 
more rapidly than the water, and the air over the shore beopming oooler, 
and conseqaently heavier tlian tliat over tlie se% flows toward tiie water ani 
forma the land-breeze.* 

The phenomena of land and sea-breecea may be well iUoati^aled by a aimple 
experiment Fill a large dish with cold water, and plaoe in the middle of it 
a saucer full of warm water ; let the dish represent tlie^ocean, and the aaooar 
an island heated by the sun, and rarefying the air above it ; blow oat a can- 
dle, and if the air of the room be still, on applying it aaooeasvdy to eveiy 
side of the saucer, the smoke will be seen moving toward k and rising over 
it, thus indicating the course of the air from sea to land. On reversing the 
experiment, by filling the saucer with cold water, and the dish with warm, 
the land-breeze will be shown by holding the smoking wic^ over the edge 
of the saucer ; the smoke will then be wafted to the warmer air over the didi. 

628. In the temperate zones, the winds haye 
do Tii»h\t little ot regularity, and these latitudes are 
knowD as the regions of "' vanaUe winds. 

In the tropics, the great aerial currents known as the trade-winda exist in 
all their power, and control most of the local influences; but in the tempenta 
zones, where the force of the trade-winds is diminished, a perpetual ^xmteat 

* Advanbige is taken of these breeses by ooftstera, wbich, drawing leaa vmter than 
larger yeaaela, can approach the coast within those limits where the sea and lMid4ireeMt 
first begin to operate. Thus a ship of war may not be able to take advantagQ of these 
winds, while sloopa and schooners may bo moring along eloae to the shore under » prcii . 
of canvas, and be oat of sight before the larger vessel is releaeedfrom the ealm bordariiC* 
these breene, and Mnging for some time the beaeh only. J 

i 
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occurs between the permanent and temporary currents, giving rise to con- 
stant fluctuations in the strength and direction of the winds. 

629. The driest winds of the United States are west and 
character of north-west winds, since they blow over great tracts of land, 
tjc ^1?'j ^^ *"^^ haye little opportunity of absorbing moisture, 
states ? ^be south winds are generally warm and productive of 

rain, since coming from tropical countries, they are highly 
heated, and readily absorb moisture as they pass over the ocean. As soon, 
however, as they reach a cold climate they are condensed, and can no longer 
hold all their vapor in suspension; in consequence of which some of it is de- 
posited as rain. 

630. Other disturbances of the air occasion a variety of phenomena known 
as "Simoons," "Hurricanes," "Tornadoes," "Water-Spouts," eta 

What is a Si- 631' The Simoon is an intensely hot wind 
moon? ^jj^^ prevails upon the vast deserts of Africa 
and the arid plains of Asia, causing great suffering, and 
often destruction of whole caravans of men and animals 
when encountered. Its origin is to be sought in the pecu- 
liarities of the soil and the geographical position of the 
countries wliere it occurs. 

" The surfece of the deserts of Africa and Asia is composed of dry sand, 
which the vertical rays of the sun render burning to the touch. The heat of 
these regions is insupportable, and their atmosphere like the breath of a fur- 
nace. When, under such circumstances, the wind rises and sweeps over 
these plains, it is intensely hot and destitute of moisture, and at the same time 
bears aloft with it great clouds of fine sand and dust — a dreadful visitant to 
the traveler of the desert." 

whatisaHur- ^hc Hurricanc is a remarkable storm wind, 
ricane? peculiar to certain portions of the world. It 
rarely takes its rise beyond the tropics, and it is the only 
storm to dread within the region of the trade-winds. 

Hurricanes are especially distinguished from all other kinds of tempests by 
their extent, irresistible power, and the sudden changes that occur in the 
direction of the wind. 

In the northern hemisphere, the hurricane 
and locations most frequently occurs in the regions of the 
mort frequent- Wcst ludics ; iu the southcm hemisphere, it 
^***^" occurs in the neighborhood of the Island of 

Mauritius, in the Indian Ocean. They also seem to be 
confined to particular seasons ; thus the West Indian 
occur from August to October ; the Mauritian from Feb- 
ruary to April. 
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What is the 



Becent investigations have proved the hnr-> 
nature of the ncancs to consist 01 cxtcnsive storms of wind, 
which revolve round an axis either upright or 
inclined to the horizon ; while at the same time the hody 
of the storm has a progressive motion over the surface of 
the ocean. 

Thus it is the nature of a hurricane to travel round and round as well as 
ibrward, much as a corkscrew travels through a cork, only the circles are all 
flat, and described by a rotary wind upon the surface of the water. A ship 
revolving in the circles of a hurricane, would find, in successive positions^ the 
wind blowing fix)m every point of the compass.* . 

The efifect produced by a hurricane upon the atmosphere is very singnlari 
As it consists of a body of air rotating in a vast circle, its center is the point 
of least motion. Mariners who have been caught in such a center, describe the 
unnatural calm that prevails as awful — an a|)piU*ent lull of the tempest^ whicl) 
seems to have rested only to gather strength for greater efforts. The maaB 
of air, however, which constitutes the body of the storm will be driven out- 
ward from the center toward the margin, just as'waterina pail which is 
made to revolve rapidly flies from the center and swells up the sides. Bi^t 
the pressure of the atmosphere beyond the whirl, checking and resisting the 
centrifugal force, at length arrests the outward progress of the mass of air, 
and limits the storm. 

,^_» . , The progressive velocity of hurricanes is from seventeen to 

respecting the forty miles per hour ; but distinct from the progressive velocity 
Bpaces^ravers^ ^^ ^^^° rotary velocity, which increases from the exterior bound- 
ed by hurri- ary to the center of the storm, near which point the force of 
*'*°*^®^ the tempest is greatest, the wind sometimes blowing at the 

rate of. one hundred miles per hour. 

The distance traversed by these terrible tempests is also immense. The 
great gale of August, 1830, which occurred at St. Thomas, in the "West 
Indies, on the 12th, reached the Banks of Newfoundland on the l9th, having 
traveled more than three thousand nautical miles in seven days ; the track of 
the Cuba hurricane of 1844 was but little inferior in length. 

The surface simultaneously swept by these tremendous whirlwinds is a 
vast circle varying from one hundred to five hundred miles in diameter. 

Mr. Redfield has estimated the great Cuba hurricane of 1844 to have been 
not less than eight hundred miles in breadth, and the area over which it pre- 
vailed during its whole length was computed to be two million four hun- 
dred thousand square miles — an extent -of surface equal to two thirds of 
that of all Europe. 

• In 1845, a ship encountered a hurricane near Mauritiua The wind, at-fb« ship 

Railed in the circuit of the storm, changed five times completely round in one liandr<!d 

and seventeen hours. The whole distance sailed by the vessel m* thirteen hundred and 

.B^enty-three miles, and at the termination of the storm she w«s only three hundred and 

fifty-foiur Ittiies from the place where the stoma co nft ft t haM. 
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-What are Tor- 632i Toniadoes may be regarded as hurri- 
°^°®"' canes^ differing chiefly in respect to their con- 
tinuance and extent. 

Tornadoes usually last from fifteen to seventy seconds ; 
their breadth varies from a few rods to several hundred 
yards^ and the length of their course rarely exceeds twenty 
iifiles. 

The tornado is generally preceded hy a calm and sultrj state of the atmos- 
phere^ when suddenly the wiurlwind appestrs, prostrating every thing before 
it Tornadoes are usually accompanied with thunder and lightning, and 
sometimes showers of hail. ' 

Tornadoes are supposed to bo generally pro- 
nadoes pro^ duced by the lateral action of an opposing 
wind, or the influence of a brisk gale upon a 
portion of the atmosphere in repose. 

' SLnilar phenomena are seen in the eddies, or little whirlpools formed in 
water, when two streams flowing in different directions meet. They occur 
tnost frequently at the junction of two brooks or rivers. 

Whirlwinds on a small scale- are often produced at the corners of streets in 
cities, and are occasioned by a gust of wind sweeping round a building, and 
striking the calm air beyond. - - - - - 

The whirl of a tornado, or whirlwind, appears to originate in the higher 
regions of the atmosphere ; it increase in velocity as it descends, its base 
gradually approaehing the earth, until it rests upon the sur&ce. 

Great conflagrations sometimes produce whirlwinds, in consequence of ^ 
strong upward current, which is produced by the expaLsion of the heated 
air. A remarkable example of this is recorded to have happened at the 
burning of 'Moscow, in 1812, where the air became so rarefied by he^t, that 
tiie wind rose to a frightful hurricane. 

It has been noticed as one of the curious effects of a tornado, that fowls and 
birds overtaken by it and caught in its center, are often entirely stripped of 
their fbaliiers.' In a theory propounded some^ yeairs since to the American 
Anaociation for the Promotion of Science, by an eminent scientiflc authority, 
H was supposed that in the vortex, or center of the tornado, there was a 
vacuum, and the fowls being suddenly caught in it, the air contained in the 
barrel of their quills expanded with such force as to strip them from the 
body. 

What i9 « 633. A water-spout is a whirl wiod over the 
w*ter-«poutf surface of water, and differs from a whirlwind 
on land in the fact that water is subjected to the action 
of the wind, iq&tead of objects on the surface of the earth; 
In diameter the spout at the base ranges from a few fee^ 
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to ^several hundreds, and its altitude ia supposed to be 
often upwaitl of a mile. 

WbeD BQ observer is oear to the spout, a toad tuning noise ia h^ud, ud 
the Interior of the coluuin seems to be traTened by a ruabiog atream. 

Fig. 228. ^e succcBaiTe appearances of a wale^ 

ipout are as tbUows : — At Srst it appears U> 
^ be a dark cone, ezlending from the cluode 
be water; then it becomes a column 
unitiDg with the water. After ooatiDuijig 
ibr a little time, the column becomes dis- 
united, the oone re^pearg, and is gtaduajl; 
drawn up into the clouds. These various 
changes are repreaented in Fi^, 228. It is 
a common belief that water is sucked up by 
I the Action of the spout into the clouds ; but 
I there is reaaoa to sappcae that water rather 
i descends fltmi the clouds, as water which 
- has Allien from a spout upon the deck of n 
vessel has been fomut to be fresh. There is 
□□ evidence, furthermi»e, that a continuout 
n at watw exists within the whirling pillar. 

SECTION IT. 



ijnut .re 634. Meteorites are luminous bodies, which 

Meuoiiiesf from time to time appear in the atmosphere, 
moving with immense velocity, and remaining visible but 
for a few moments. They are generally accompanied by 
a luminous train, and during their progress explosions are 
often heard. 

What >n 635. The term aerolite is given to those 

■**""■**' stony masses of matter which are sometimes 
seen to fall from the atmosphere." 

WliBtiaknairn "^^^ weight of those aeroU(C9 which have been knowu to 

respspiing the fall from the atmosphere varies from a few oiaces to several 
locity of uro- hundred pounds, or even tons. 

•"s* ' The height above the earth'.i surface at which they ate sup- 

posed to make their appearauce has been estimated to varj from IS to SO miles. 
* Aerolite la deiiTsd from tbe Greek irordx acp (atmospbere) ind \iBiii (i itaM). A 
meteor la ilitlnenlibed rrom an a-rolite by the bet that It buraU In the atmoiphere, but 
iMvei DV re^nnm, while the urollte, vhlch b Hippoasd la bo a fngment of & aate«i 
•oinea to the gnniud. 
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" ' Tbe Bstimated' velocity of these bodies is somewhat more than tbr^ him* 
dred miles per minute, though one meteor of immense size, which is supposed 
bo have passed within twenty-five miles of the earth, moved at the rate of 
twelve hundred miles per minute. Owing, however, to the short time the 
meteor is visible, and its great velocity, accurate observations can not bo 
Doade upon it ; and all estimates respecting th>^ir distance, size, eta, must be 
Considered as only approximations to the truth. 

^^ Very many of the meteorites which have fallen at different 

rospeeting the times and in different parts of the globe, resemble each other 
"*™Ute8?*° **^ so closely, that they would seem to have been broken Scorn 

the same piece or mass of matter. 
Most of them are covered with a black shining crust, as if the body had 
been coated with pitch. When broken, their color is ash-gray, inclining to 
black. They consist for the most part of malleable iron and nickel, but they 
fiften contain small quantities of other substances. They do not resemble in 
fsomposition any other bodies found upon the sur&ce of the eartb, but have a 
cbaracter of their own so peculiar that it enables us to decide upon the me- 
teoric origin of masses of iron which are occasionally found scattered up and 
down the surface of the earth, as in the south of Africa, in Mexico, Siberia, 
«nd on the route overland to Oalifomia. Some of these masses are of immense 
height, and undoubtedly fell from the atmosphere. 

'What is the ^36. Four hypothescs have been advanced 
•oppo^ori^a |.Q account for.the origin of these extraordinary 
bodies? bodies : 1. That they are thrown up from ter- 

jrestrial volcanoes ; 2. That they are produced in the at- 
mosphere from vapors and gases exhaled from the earth; 
3. That they are thrown from lunar volcanoes ; 4. That 
they are of the same nature as the planets, either derived 
from them, or existing independently. 

. The fourth of these suppositions most fully explains the facts connected 
with the appearance of meteorites, and the third likewise has some strong 
evidence in its &vor. 

How do shoot: 637. Shootiug-stars differ in many respects 
SSS^t^^? from meteors. Their altitude and velocity are 
greater ; they are far more numerous and fre- 
,quent, and are unaccompanied by any sound or explosion. 
Their brilliancy is also much inferior to that of the me- 
teor, and no portion of their substance is ever known to 
have reached the earth. 

At hat heisht "^^^ altitude of shooting-stars is supposed to vary from six 
do shootfng* to fi>ur hundred and sixty miles, the greatest number appear- 
stars appeariP ^ ^^ ^ hei^t of about seventy miles. Owing to their num^ 

13 
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ber and freqaency of occmTence, many carefol observations have been made 
npon them, with a view of determiniEg these facts. 

Their Telocity is supposed to range from sixty to fifteen hundred miles per 
minute. 

Some of these meteoric appearances may be seen ereiy dear night, bat 
they appear to fidl in great numbers at certain periodical epocha The pc 
riods when they may be noticed most abundantly are on the 9th and 10th of 
August, and the 12th and 13th of November.* 

The majority of shooting stars appear to radiate firom 
a particular part of the heavens, viz., a point in the con- 
stellation Perseus, undoubtedly far beyond the limits of our 
atmosphere. 

What th ri ^^ order to account for the origin of shooting stars, it has 

have been pro- been supposed by Prof. Olmstead, that they are derived firom 
P***^ /** a* '^ ^yo^7 composed of matter exceedingly rare, like the tail of a 
origin of shoot- comet, revolving around the sun within the orbit of the earth, 
ing Btan f ^^ space little less than a year; and that at times the body 

approaches so near the earth that the extreme portions become detached and 
drawn to the earth by virtue of its great attraction. It has been farther sup- 
posed that the matter of which these bodies is. composed is combustible, and 
becomes ignited on entering the earth's atmosphere. 

The nearest approach of the central body to the earth is supposed to be 
about 2,000 miles. Bodies falling from this distance would enter the earth's 
atmosphere at a height -of at least 60 miles above the surface, with a velocity 
generated by the force of gravity above 4 miles per second — a velocity ten 
times greater than the utmost speed of a cannon-balL 

When common au* is compressed in a tight cylinder to the extent of one 
fifth of its volume, sufiBcient heat is generated to ignite tinder. If we suppose 
that the fragments descend with such velocity as to compress the rarefied 
atmosphere at the height of 30 miles to such an extent only as to make it as 
dense as ordinary air, the temperature would bo raised as high as 46,000° F. 
— a heat far more intense than can be generated in any furnace. Unless, 
therefore, the mass of matter comprising the body was very large, it must bo 
dissipated by heat long before it reaches the surface of the earth. 

Another theory has been proposed by the eminent astronomer Chaldini, 
who supposes that, in addition to the planets and their satellites which revolve 
about the sun, there are innumerable smaller bodies ; and that these occa- 
sionally enter within the atmosphere of the earth, take fire, or descend to its 
surface. 

* They have also been noticed in nnusnal abundance on the 18th of October, the 6tli 
and 7th of December, the 2d of January, the 23d and 24th of April, and from the 18th to 
the 20th of June. 

Four most remarkable meteoric showers have been noticed, viz., in 1797, 1851, 1832, and 
1833, all in the month of November. In the shower of 1833, the meteors, in many parts of 
the United States, appeared to fall as thick as saow-flakea. 
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SECTION Y. 

POPTTLAB OPINIONS CONOEBNINO TEE WEATHEB. 

_ ^ . 638, There is no reason to doubt that every 

Do onanges In , ... 

the weather change iu the weather is in strict accordance 
cordance with with somc definite physical agencies, which are 

fixed laws ? x •/ o 7 » 

fixed and certain in their operations. Wq 
can not, however, foretell with any degree of certainty 
the character of the weather for any particular time, be-^ 
cause the laws which govern meteorological changes are 
as yet imperfectly uuderstood. 

, There are, however, in all countries, certam ideas and pop- 
lar ideas re- ular proverbs respecting changes in the weather, the influ-. 
"Eas^ef in the **°^ ^^ *^® moon, the aurora borealis, etc., which are wholly 
weather found- erroneous and unworthy of beUef; since, when tested by. 
ed oofact? long-continued observations, they are invariably found to bo 

unsupported by evidence. 

Thus an examination of meteorolog^ical records, kept in different countries, 
through many years, proves conclusively that the popular notions concerning; 
the influence .of the moon on the weather has no foundation in any well- 
established theory, and no correspondence with observed facts. 

There is, however, some reason for supposing that rain falls more frequently 
about four days before full moon, and less frequently about four or five days 
before new moon, than at other parts of the month; but this can not be con- 
sidered as an established fact. In other respects, the changes of the moon 
can not be shown to have influenced in any way the production of rain. 

There is also a current belief among many persons tliat timber should bo 
cut during the decline of the moon. To test the matter, an exp^iraeat, ost 
an extensive scale, was made some years since in France, when it was found 
that there was no difference in the quality of any timber felled in different 
parts of the lunar month. 

- It is also supposed that bright moonlight hastens, in some way, the putro- 
fiction of animal and vegetable substances. The &cts in respect to this sup* 
position are, that on bright, dear nights, when the moon shines brilliantly, 
dew is more freely deposited on these substances than at other times, and in 
this way putrefaction may be accelerated. With this result the moon haa no 
connection. 

It IS a traditional idea with many that a long and violent storm usually 
accompanies the period of the equinoxes, especially the autumnal ; but the 
examination of weather records for sixty-four years has shown that no 
particular day can be pointed out in the month of September (when the 
** equinoctial storm" i^ jiaid iQ ooeur) upOA which tbora e^er was, or ever will 
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be, a so-called equinoctial storm. The fact, however, should not be concealed, 
that, taking the average for the five days embracing the equinox for the 
period above stated, the amount of rain is greater than for any other five 
days, by three per cent., throughout the month. 

Observations recordod for a long period have proved that the phenomenon 
of the aurora borealia, which is said to precede a storm, is as often followed 
by fair, as by foul weather. 

Meteorological records, kept for eighty years at the observatory of Greer- 
wtch, England, seem to show that groups of warm years alternate with cold 
ones in such a way as to render it probable that the mean annual tempers 
tures rise and fall in a series of curves, corresponding to periods of about four- 
teen years. 

There is little doubt that some animals and insects are able to foretell 
changes in the weather, when man Mia to perceive any indica^ns of the 
same. Thus some varieties of the land-snail only make their appearance be- 
fore a rain. Some other varieties of land crustaceous animals change thdr 
color and appearance twenty-four hours before a rain. 

For a light, short rain, some trees have been observed to incline their leaves, 
so as to retain water ; but for a long rain„ they are so arranged as to conduct 
the water away. 

The admonition given several thousand years ago, is equaHy sound in its 
philosophy at the present day : " He that observeth the winds shall not sow; 
and he that regardeth the clouds shall not reap." — Eccles.j xL 4. 



CHAPTER XIV. 

LIGHT. 



whatiB Light? 639. Light is the physical agent which oc- 
casioDS, by its action upon the eye, the sensa- 
tion of vision. 

What is the "640. Optics is the name given to that de- 

HcsT*'**^^^' partment of physical science which treats of 

vision, and of the laws and properties of light.* 

Between the eye and any visible object a space of greater or less extent 
intervenes. In some instances, as when we look at a star, the extent of the 
space existing between the eye and the object seen is se great, that the mind 
is unable to form any adequate conception of it. Yet we recognizQ the ex- 
istence of objects at such distances, by the physical effect which they produce 
on our organs of vision. 

• From the Greek word " Oirro/ia£," to tee. 
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yrtuit theories ^^' ^ ord®'" ^ explain how «uch a result ia possible, or 
of Ught have in Other words, to account for the origin of light, two theories 
been proposed? j^^^^^ ^^^^ proposed, which are called the Corpuscular and 

the Undulatory Theories. 

What is the The Corpuscular Theory supposes that a 
ThXr'^S distant object becomes visible to us by emit- 
^^^*' ting particles of matter from its surfece, which 

particles of matter, passing through the intervening space 
between the visible object and the eye, enter the eye, and 
striking upon the nervous membrane, so aflfect it as to 
produce the sensation of light, or vision. 

According to this theory, there is a striking analogy or resemblance be- 
tween the eye and the organs of smelling. Thus, we recognize the odor of 
an object in consequence of the material particles which pass fh)m the object 
to the organs of smelling, and there produce a sensation. In the same 
manner, a visible object at any distance may bo supposed to send forth parti- 
cles of light, which move to the eye and produce vision, by acting mechan- 
ically on its nervous structure, as the odoriferous particles of a rose produce a 
sensible efifect upon the organs of smelling. 

What is the The Undulatory Theory supposes that 
Theo^?*^ there exists throughout all space an ethereal, 
elastic fluid, which, like the air, is capable of 
receiving and transmitting undulations, or vibrations. 
These, reaching the eye, affect the optic nerve, and pro- 
duce the sensation which we call light. 

According to this theory, there is a striking analogy between the eye and 
the ear ; the vibrations, or undulations of the ethereal medium being supposed 
to pass along the space intervening between the visible object and the eye in 
the same mfmner that the undulations of the air, produced by a sounding body, 
pass through the air between it and the ear. 

Whi h of the "^^^ Corpuscular Theory was sustained by Newton, and was 
two theories of for a long time generally believed. At the present day it is 
SS^recehrod?' ^^^st entirely discarded, and the Undulatory Theory is now 
received by scientific men as substantially correct ; since it 
explains in a satisfactory manner nearly all the phenomena of light, which 
the Corpuscular Theory does not. 

If the Corpuscular Theory be correct, a common candle is able to fill for 
hours, with particles of luminous matter, a circle four miles in diameter, since 
it would be visible, under favorable circumstances, in every portion of this 
space. Light, moreover, has no weight ; the largest possible quantity col- 
lected in one point and thrown upon the most sensitive balance, does not 
affect it in the slightest degree. 
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wiMi V tbm ^fa® chief BonTces of light kit the snn^ tht 
55^4?"^ stars, fire or chemical action, electricity, and 
phosphoi-escence. 

TlDder tiie head of chemical action are induded all the £Hins of artifidal 
fight which are obtained bj the burning of bodies. Examples of lq;ht pro- 
dnoed by phosphorescence, as it is called, are seen in the glow of old and do- 
oi^jred wood, and m toe light emitted by fire-flies and some marine anima]& 

642.. All bodies are either lumiDous or non-lnmiaoas. ' 
What te k la- Luminous bodies are those which shine by* 
vrinoasbodyr ^hsir own light; such, for example, as the 
sun, the flame of a candle, nietal rendered red hot, etc. 

. AU soUd bodies^ when exposed to a sofi&cient degree of heat, beoome -In- ' 
minoa& It has been recently proved* that all solids begin to emit light at 
the same degree of heat, vis^ 97*7° of Fahrenheit's thennometer. As the 
temperature rises, the brilliancy of the light rapidly hKJreases, so that at « 
temperature of 2600o it is almost forty times as intense as at 19000. QMm 
must be heated to a much greater extent before they begia to emit light 

Whbt is a non- Non-luminouB bodies are those which pio* 
iaminou.bod7r ^^^^ ^^ jj j^^ thcmi^elves, but which' may be 

rendered temporarily luminous by b;ing placed in the 
presence of luminous bodies. 

Thus, the sun, or a candle, renders objects in an apartment luminous, and 
therefore visible ; but the moment the sun or candle is withdrawn, they be> 
oome invisible. 

What are trans- Transparent bodies are those which do not 
parent bodies? interrupt the passage of light, or which allow 
other bodies to be seen through them. Glass, air, and 
water are examples of very transparent bodies. 
What are Opaquc bodics are those which do not permit 
opaquebodies? ijg|j|. ^^ ^^^^ through them. The metals, 

stone, earth, wood, etc., are examples of opaque bodies. 

Transparency and opacity exist in diflferent bodies in Very different degreea^ 
We can not clearly explain what there is in the constitution of one mass ot 
matter, as compared with another, which fits the one to transmit lights an& 
the other to obstruct it; but the arrangement of the particles has undoubt- 
edly much influence. 

Strictly speaking, there is no body which is perfectly transparent, or per* n 
fectly opaque. Some light is evidently lost in passing even through space^ 
and still more in traversing our atmosphera It has been calculated that the 
atmosphere, when the rays of the sun pass perpendicularly through it, inter- 

• By Prof. J. W. Draper. 
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j)6pt firoM o&e fifth to one firarth of their )ight: but when the sun is near the 
^horizon, and the mass of air through which the solar rajs pass is consequently 
vastly increased in thickness, only 1-2 12th part of their light can reach the 
sur&ce of the earth. If our atmosphere, in its state of greatest dcDsity, could 
be extended rather more than 700 miles from the earth's sur&oe, instead of 
40 or .50, as it is at present, the sun's rays could not penetrate through it, 
and our globe would roll on in darkness. Bodies, on the contrary, whidi 
are considered as perfectly opaque, will, if made sufficiently thin, allow ligfal 
to pass through them. Thus, gold-leaf transmits a soft, green light 

643. Light, from whatever source it may b^ 

ner is light derived^ moves, or is propagated in straight 

lines, so long as the medium it traverses is 
uniform in density. 

If we admit a sunbeun through a small opening into a darkened chamber, 
the path whidi the 'light takes, as defined by means of the dust floating la 
the air, is a strai^t line. 

What raetimi ^* ^ ^^ ^^ reason that we are unable to see through a 
appUeatlonsare bent tube, as we can through a straight one. 
v^^men't ^f ^^ taking aim, also, with a g«n or arrow, we proceed upon 
light in stni^ the supposition that light moves in straight lines, and try to 
™^ make the projectile g^ to the desired object as nearly as pos- 

inble by the path along which the light comes ^m the object to the ey& 

fto^ 229. 




Thus, in Fig. 229, liie line A B, which represents the line of sight, is also the 
direction of a line of light passing in a perfectly straight direction from the 
object aimed at to the eye of the marksman. 

A carpenter depends upon this same principle for the purpose of determin* 
ing the accuracy of his work. If the edge of the plank be straight and uni^ 
t»rm, the l^t from all points of its sur&oe will come to the eye regularly and 
uniformly ; if irregularities, however, exist, they will cause the light to bo 
irregular, and the eye at once notices the confusion and the point which oo> 
casions it 

What is a r»y 644. A ray of light is a line of particles of 
ofiigfatf light, or the straight line along which light 
passes from any luminous body. 

A lummous body is said to radiate its light, because the light issues tnm 
it in everr direction in straight lines. 
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When rays of lis^ht radiate from any latnin- 

fS«pi»in the i i Tt -i* t» i 

diTergenoe of 0U8 body, they Qiyergo from one another, or 
^ they Bpread oyer more space as they recede 

from their source. 

YS%, 230 represents the manner of the diverge FlG. 230. 

enoe. 

Snuittetbeiaw The surfaces coyered, or 
•fdiveisence? fliuminated by rays of 

light diyergiog from a luminous cen- 
ter, increase as the squares of the 
distances. 

Thna^ a candle placed behind a window will illaminate a certain space on 
the wan of a house opposite. If the wall is twice as fiir fiom the candle as 
from the window, the space illuminated by it will be four times as large as 
the window. If the wall be removed to three times the distance, the sur&ce 
covered by the rays of light will bo nine times as large, and so on. 

A collection of radiating rays cf light, as shown in Fig. 230, oonstitotes 
what is called a "pancil of light" 

A tliousand, or any number of persons, are able to see the 
same object at the same time, because it throws off from its 
surface an infinite number of rays in all directions ; and one 
person sees one portion of these rays, and another person 
another. 

Any number of rays of light are able to cross each other, in the same space, 
without jostling or interfering. If a small hole be made from one room to 
another through a thin screen, any number of candles in one room will shine 
tlirough this opening, and illuminate as many F{)ot3 iu the other room as there 
are candles in this, all their rays crossing iii th j samo opening, without hinder- 
ance or diminution of intensity ; just as sounds of different character proceed 
through the air and comraunioato to tho oar, each its own particular tone, 
without materially interfering with each other. 

Rays of light which continually separate as 
they proceed from a luminous source, are called 
Diverging Rays. Rays which continually ap- 
proach each other and tend to unite at a com- 
mon point, are called Converging Rays. Rays which move 
in parallel lines, are called Parallel Rays. 

645. When rays of light, radiated from a 
luminous point, through the surrounding 
space, encounter an opaque body, they will (on account 
of their transmission in straight lines) be excluded from 
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the space behind such a body. The comparative dark- 
ness thus Droduced is called a shadow. 

When the light-giving surface is greater than the body casting the shadow. 
a cross section of the shadow thrown upon a plane surface will be less than 
the body ; and less, moreover, the f\irther this surface is from the body, for 
the shadowed space terminates in a point 

When the luminous center is smaller than the opaque body casting the 
shadow, the shadow will gradually increase in size with the distance, without 
limit ; thus the shadow of a hand held near a candle, and between a candle 
and the wall, is gigantic. 

-J , , If the shadow of any object be thrown on a wall, the closer 

circumstances the opaque body is held to the light-producing center, as a 
r^hadolir^be c*°^^^» ^^^ example, the larger will be its shadow. The rea- 
increased or son of this is, that the rays of light diverge from the center 
^"^ . ® in straight lines, like lines drawn from the center of a circle ; 

_ and therefore the nearer the object 

is held to the center, the greater 

the number of rays it intercepts. 

Thus, in Fig. 231, the arrow A, held 

! close to the candle, intercepts a large 

I|L number of rays, and produces the 
^ _ _ ■ shadow B F; while the same ar- 

<-i*£j^-:;,';^T* " T j row held at C, intercepts a smaller 

^^'-f.. *" T. "^ i number of rays, and produces only 

""•--..^ ^ j| the little shadow D E. 

*'*•-«. i When two or more luminous ob- 

''"--^^ i ject«, not in the. same straight line, 
'"'-J shine upon the same object, each on© 
* will produce a shadow. 

H<nr does the ^^^' ^^^ intensity of light which issues 
intensity of from a lumiuous point diminishes in the same 

light vary? , ^ , 

proportion as the square of the distance from 
the luminary increases. 

Thus, at a distance of two feet, the intensity of light will be one fourth of 
what it is at one foot ; at three feet the intensity will be one ninth of what it 
is at one foot. In other words, the amount of illumination at the distance of 
one foot from a single candle would be the same as that fh)m four, or nine 
candles nt a distance of two or three feet, the numbers four and nine being 
the squares of the distances two, and three, from the center of illumination. 
TTpon what ^^^* This law, therefore, may bo made available for meas- 
principie may uring tho relative intensities of light proceeding from different 

V V%^k 4P^^I 4ftT| ^yfk 1 f t ^ 

tetisities of sources. Thus, in order to ascertain the relative quantities of 
dUferent lu- jigj^t furnished by two different candles, as, for example, a 
UMoMtaiMd ? wax and a tallow candle, plaoe two ditcs or oheeti of whit* 

13* 



298 WELLS'S KATT7BAL PHILOSOPHY. 

IMfper, a lew tbet apart on a wall, and throw ^6 light at Mie ^dncDe oil one 
disc, and the light of the other candle upon the other disc. If they are of 
unequal illuminating power, the candle which affords the meet light must 
l)e moved back until the two discs are equally illuminated. Then, by meas- 
uring the distance between each candle and the disc it muminates, the lum- 
inous intensities of the two candles may be calculated, theu* relative intensi- 
ties being as the sqaares of their distances from the illuminated discs. If) 
when the discs are equally illuminated, the distance from one candle to its 
disc is double the distance of the other candle from its disc, then the firet 
candle is four times more luminous than the second; if the distance be triple, 
it is nine times more luminous, and so on. 

Instruments called " Photometers," operating in a similar manner, have also 
been constructed for measuring the relative intensity of two luminous bodies. 
Their arrangement and plan of operation is substantially the same as in the 
method described. 

648. The light of the sun greatly exceeds in 
moat intenHo intensity that derived from any other lumin- 

Ught known f , / "^ 

0U8 body. 

The most brilliant artificial lights yet produced, are very &r inferior to the 
splendor of the solar light, and when placed between the disc of the sun and 
the eye of the observer, appear as black spots. ^ 

Dr. Wollaston has calculated that it would require twenty thoosand mil- 
lions of the brightest stars like Sirius to equal the light of the sun, or that 
that orb must bo one hundred and forty thousand times further from us than 
he is at present, to bo reduced to the illuminating power of Sirius. 

The light of the full moon has also been estimated as three hundred thou- 
sand times less intense than that of the sun. 

During the day the intensity of the sun's light is so great as to entirely eclipse 
that of the stars, and render them invisible •, and for the same reason, we only 
notice the light emitted by fire-flies and phosphorescent bodies in the dark. 

Are the more- 649. Light docs Hot pass iDstantaneously 
Snt^neous? through space, but requires for its passage from 

one point to another a certain interval of time. 
With what ve- The velocity of light is at the rate of about 
trT^I**^"^ * one hundred and ninety-two thousand miles in 

a second of time. 

Light occupies about eight minutes in traveling from the 
lustrations of sun to the earth. To pass, however, from the planet 
u* ht'?**^'^ ^^ Uranus to the earth, it would require an interval of three 
hours. 
The time required for light to traverse the space intervening between the 
nearest fixed star and the earth, has been estimated at 3^ years ; and from 
the &rthest nebulsd, a period of s^eral hundred years would be requiaitei m 
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trinhenae is their distanoe firom our earth. I^ therefore, one of the remote fixed 
* stars were to-daj blotted from the heavens, several generations on the earth 
would have passed away before the obliteration could be known to man. 

The following comparison between the velocity of light and the speed of a 
locomotive engine has been instituted : — ^Light passes from the sun to the 
earth in about eight minutes; a locomotive engine, traveling at the rate of 
a mile in a minute, would require upward of one hundred and eighty years to 
accomplish the same journey. 

Who firrt u. 650. The velocity of light was first deter- 
JSi^t:^fijSJt? niiJied by Von Roemer, an eminent Danish 
astronomer, from observations on the satellrtes 
of Jupiter. 

EzDlaln the "^^^ method by which Von Roemer arrived at this result 
method by may be explained as follows : — The planet Jupiter is sur- 
lod^ of ^ight rounded by several satellites, or moons, which revolve about 
wM determined it in certain defimte times. As they pass behind the planet, 
ofJapite^NiU ^^®y disappear from the sight of an observer on the earth, or 
ellites. in other words, they undergo an eclipse. 

The earth also revolves in an orbit about the sud, and in the course of its 
revolution is brought at one time 192 millions of miles nearer to Jupiter than 
it is at another time, when it is in the most remote part of its orbit. Suppose, 
now, a table to be calculated by an astronomer, at the time of year when the 
earth is nearest to Jupiter, showing, for twelve successive months, the exact 
moment when a particular satellite would be observed to be eclipsed at that 
point ' 6ix months afterward, when the earth, in the course of its revolution, 
has attained a point 192 millions of miles more remote from Jupiter than it 
formeily oocupi^ it would be found that the eclipse of the satellite would 
occur sixteen minutes, or 960 seconds, later than the calculated time. This 
delay m occasioned by the &tit that the light has had to pass over a greater 
distanoe before reaching the earth than4t did when the earth was in the op- 
posite pArt of its orbit, and'if it requires sixteen minutes to pass over 192 mil- 
lions of miles, it will require one second to move over 200,000 miles. When, 
on the oontrarj, the earth at the end of the sucoeedii^ six nx>nths has as- 
romed its former position, and is 192 millions of miles nearer Jupiter, the 
eclipse will occur sixteen minutes earlier, or at the exact calculated time given 
in the tables. The velocity of light, therefore, in round numbers, maybe con- 
sidered as 200,000 miles per second.* A more exact calculation, founded on 
perfectly accurate data, gives as the true velocity of light 192,500 miles per 
second. 

* The expUmation above given will be made clear by reference to the following dia- 
gram. Fig. 232. 8 repreaents the sun, a b the orhit of the earth, and T T' the position of 
ttie earth at different and opposite points of its orhit. J represents Jupiter, and E its 
•atellite, about to be eclipsed by passing within the shadow of the planet. Now the time 
of the oommencement or termination of an eclipse of the satellite, is the instant at which 
the aatelttte would appear, to an obeenrer on the earth, to enter, or emerge firom the 
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Bereral other pltus have been dariied fbr detennimng the relodtj of Bgb^ 
the results nf which agrco Tei? nearly with tboea-obtainad bytheoboerratioa,' 
on the salellitea of Jupiter.* 
When ig iigbt ^^^- WfaeD a T&j of light fitHkea Bgainst a 

'•'*'^' surface, an<l is caused to turn back orrebotmd 
in a direction different from whence it proceeded, it la said 
to be reflected. 

■wi.t ii tb- ^2. When rays of light arc retained upon 
joraUoa of j-|jq surface upon which they fall, they are said 
to be absorbed ; in consequence of which their 
presence is not made sensible by reHection. 

The qneatioQ as to wli at becomes of the lig;lit which ia abaorbed bj a body, 
can not be aatisfaclorily answered. In oU probability it is permaaBntly re- 
tained within the subaloDoe of the Hbi>orbing body, since a body which abaorba 
light by continued exposure, does not radiate or diatiibule it again in uy 
way, as it mijfht do if it had absorbed beat 

aC light irere InsUntineans. 11 ta obriotu IhU 
the orth'i orbit, vooM m th« ccUpielMcb 



, RtH esriAid fipced, Xhc i 
It tbe iiUcn of tbe one ni 



sy to detomil'ie Ihe rLmo occniilwl irhila one ttocfi 

[hr<>URh th« tenth of the reintThz d<«. It moTU 
lifted In tba ma««iiUDl oTaiiliiGlatssth tothaplui 



REFLECTION 07 LIGHT* 301 



SECTION I. 

BEFLECTION OF LIGHT. 

What ocean ^53. When rays of light fall upon any sur- 
J^n My'sSi! f*ce, they may be reflected, absorbed, or 
'•**' transmitted. Only a portion of the light, 

however, which meets any surface is reflected, the remain- 
der being absorbed, or transmitted. 

When does a 654. When the portion of light reflected 
iwteand^?^^ from any surface, or point of a surface, to the 
^^^^ eye is considerable, such surface, or point, ap- 

pears white ; when very little is reflected, it appears dark- 
colored; but when all, or nearly all the rays are absorbed, and 
none are reflected back to the eye, the surface appears black. 

Thus, charcoal is black, because it absorbs all the light which falls upon it, 
and reflects none. Such a body can not be seen unless it is situated near 
other bodies which reflect light to it 

According to a variation in the manner of refleciting light, the same surface 
which iqjpears white to an .eye in one position, may appear to be black from 
another point of view, as frequently happens in the case of a mirror, or of 
any other bright, or reflecting surface. 

What an good Dcuse bodios, particularly smooth metals, 
J^5*^ ^ reflect light most perfectly. The reflecting 
power of other bodies decreases in proportion 
to their porosity. 

How an noD^ . 655. All bodics not in themselves luminous, 
IS'^S^hST become visible by reflecting the rays of light. 

^^' It is by the irregular reflection of light that most objects in 

nature are rendered visible ; since it is by rays which are dispersed from re- 
flecting Burfacefs irregularly and in every direction, that bodies not exposed 
to direct light are illuminated. If light were only reflected regularly from the 
BQr&ice of non-luminous bodies, we should see merely the imago of the lumin- 
ous object, and not the reflecting surface.* In the day-time, the image of the 
Bun would be reflected from the surface of all objects around us, as if they 
were composed of looking-glass, but the objects themselves would be invisi- 
ble. A room in which artificial lijjhts were placed would reflect these lights 
fix)m the walls and other objects as if they were mirrors, and all that would 
be visible would be the multiplied reflection of the artificial lights. 

* In a very good Qilrror we scarcely perceive the reflecting surface interrening betireen 
MB and tlM imafss ii ahoirs usl 
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The atmosphera reflects ligfit iTT^;ulari7, sud erei7 pwtkb 

or air is a lumiooua center, wbicb radiates light ioereiydiico- 

tioD. Wore it not for this, the sun's light would oalj iHaini- 

nate those spaces which are directly accessible to it8isyi,u>d 

darkness would InstaDtlyauccced the ditt^poaraaceorthe son below the borim^ 

wumi k ■ ^•^^- -Any surface which possesses the powa 

Hirrorf of Inflecting light in the highest dt^ree iscalled 

a MiKROB. 

1 to h w mm Mirrors are divided into three geDeral classed 

"™j3Srf^ without regard to the material of which theycon- 

siat, viz., Plane, Concave, and Convex Mirrors. 

These three varieties of mirrors are represented in Kg. 
!33; A, being plane, like an ordisaiy lookiug-gla^; B, 
concave, like the inwdo of a watch-gUas; and C, eonvei, 
like the outside of a watch-glass. 

wb.t 1. lb. 657. Wheo light falls upon | 
Sr'refleetioB * plane and polished Bur&ce, 
ofii«ht* jjjg angle of reflection is equal I 

to the angle of incidence, 

This is the great general law which governs the refleo- I 
tion of light, and is the same ea that which governs tl 
motion of elastic bodies. 

Thus, in Fig. 234, let A B be the direction of a: 



FlQ. 333. 
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dent my of light, falling on a mirror, F C 

It will be reflected in the direction B B. 

If we draw a line, D B, perpendicular to 

the surface of the mirror, at the point of 

reflection, E, it will be found that Ids 

angle of incidence, A ^ D, ia precisely 

equal to the angle of reflection, E B D. 

'^ The same law holds good in 

regard to every form of surface, curved as well as plane, 

P,^ 235 since a curve may be supposed 

p to be formed of an infinite duid- 

bcr of little planes. 

Thus, in Fig. 235, the incident ray, E C, 
filing upon the concave surface, a C b, 
will still be reflected, in obedience to the 
same law, in tlie direction G D, the nngta 
being reckoned from the perpendiculw to 
that point of the curve where the incident 
ray falls. The same will alsf) be true Qf 
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whattameant ^58. An image, in optics, is the figure of 
by «n image? ^^j object mad« by rays proceeding from the 
several points of it. 

What is a com 659. A common looking-glass consists of a 
^«^ glass plate, having smooth and parallel sur- 

faces, and €oated on the back with an amalgam^ of tin 
and quicksilver. 

How tbeim- Thelmagesformed iuacommon lookiug-glasft 
"Sw^^? are mainly produced by the reflection of the 
rays of light from the metallic surface attached 
to the back of the glass, and not from the glass itself 

The effect may be explained as foUows : — A portion of the light incident 
upon the anterior surface is regulariy reflected, and another portion irregu- 
larly The first produces a very faint image of an object placed before the 
glass, while the other renders the suri&ce of the glass itself visible. Another, 
and much greater portion, however, of the light falling upon the anterior sur-^ 
fiioe passes into the glass and strikes upon the brilliant metalKc coating upon 
thelMkck, from which it is regularly reflected, and returning to the eye, pro- 
duces a strong image of the object There are, therefore, strictly speaking, 
two images formed in every looking-glass — ^the first a faint one by the light 
reflected regularly from the anterior surface, and the second a strong one by 
the light reflected from thd metallic surface ; and one of these images will be 
before the other at a distance equal to the thickness of the glas& In good 
mirrois, the superior brilliancy of the image produced by the metallic surface 
will render the £uut image produced by the anterior surface invisible, but in 
glasses badly silvered, the two images may be easily seen. 

If the sur&ces of the mirror could be so highly polished as to reflect regu- 
larly all the light incident upon it, the mirror itself would be invisible, and the 
observer, receiving the reflected light, would 'perceive nothing but the images 
of the objects before it This amount of polish it is impossible to effect arti- 
ficially, but. in many of the large plate-glass mirrors manufactured at the pres- 
ent time, a high degree of perfection is attained. Such a mirror placed ver- 
tically against the waU of a room, appears to the eye merely as an opening 
Ifwulmg into another room, pre'^sely similar and similarly furnished and illum- 
inated ; and an inattentive observer is only prevented from attempting to 
walk through such an apparent opening by encountering his own image 14 
he approaches it 

660. A plane mirror only changes the direc- 

In whai man- • /» ... 

nor does « tion of the rays of light which fall upon it, 

refliiet rayiiof without altering their relative position. If 

they fall upon it perpendicularly, they will be 

* An amalgam if a miztore or compound of qoicksUver and some oilier metaL 
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reflected pefpendicalarly ; if they ML upon it obliquely,' 
thqr.will be reflected obliqaely ; the angle of reflectioB 
being always equal to the angle of incidence. 

^_^ If tiie two floiftoeiiof miirafBiireiiot panUd, oriioevfB, 

ipMM fai A Uieii the rajv of lig^tfiUUngiipoaUwiU not be reflet 
^MNd£Su ^^' '^ ^^ image wm appear distorted. 

SR""^ 661. We always seem to see an object in fli0 

Bovte an ap- direction from which its rayn enters the eye. ' A 

tt^tSSd minor, therefore, which, by refli^ion. changes 

krnflMtfim? ^jj^ direction of the rays proceeding ftom an 

object, will change the apparent place of the object 

Thiu, if the njt of a candle ftU obliqiiely upon a ndmtr, and axe r^ectfid 
to the eye^ we lAtaU aeem to aee the candle in tiie mirror in'tfae direetkn 
jaiHiioh thflf prooeed after reflecdciL 

If we lay a looking-glass upon fhb fioof, wHh ita fiue uppermost^ and place 
a candle beside it, the image of .the candle iHH be seen in the mirror, bj t 
pierson standing opposite, as inverted, and as mndi below the mir&oe of the 
glaas as the candle itself stands above the g^ass. The reason oi this is^ that 
the incident rays from the candle which ^foU upon the ndrror are reflected to 

the eye in the same 
^^•236. - direction 13iat th^ 

^vbold hate taken, hid 
thej really come fhwi 
a candle sitoated as 
madi below the sot' 
fietce of the glass, aS 
the first candle was 
above the sur&ce. 
This &ct win be 
clearly shown by re- 
ferring to Hg. 236. 
When we look into a plane mirror (the common looking-glass) the rayd of 
light which proceed from each point of our body before the mirror will, after 
reflection, proceed as if they came from a point holding a corresponding por- 
tion behind the mirror ; and therefore produce the same efibct upon the eye 
of the observer as if they had actually come from that pdnt The unage 
fii the glass, consequently, appears to be at the same distance behind ^ 
surface of the glass, as the object is before it 

Let A, Fig. 237, be any point of a visible object placed before a looking- 
glass, M N. Let A B and A C be two rays diverging from it, and reflected 
from B and C to an eye at 0. After reflection they will proceed as if they 
had issued fh>m a point, a, as &r behind the sur&ce of the looking-gkusi 
as A is before it— tiiat is to say, the distance A N will be equal to th* 
distance N a, 
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TTpoQ tJte n 
tmm, boildiDga, or other otjecta I 
are reOected Grom tlie horizoDtal | 
i . lor&ce of a pond, 01 
i EhBet of water, they appear in- I 

j. . verted, since tbe lig^ of the ol^ect, I 
te6ectQd to our ejea ttom the I 
•^ ', Borboe of the water, comee 

with the ttune direction 
-,■■• WDold bare done, bad it proceeded I 
-i fireot(]r rrom an inverted otiject I 

iattie water. 
.•i."_ In Kg. 338, the light proceed- < 

— i Yia. 238. '** '"™' "'^ arrow-head, A, strikes the water 

;:' f U at F, and is reflected to D, and tliat from 

' the Vwrb, B, strikes the waier at B, and is 
leflected to C. A Bpecator Etanding at 
'V y'/ will Bee the reflected rays, E G and F G, as 

•^-'^ if they proceeded directly from C aod D, and 

the iina^ of the arrow will appear to be lo- 
cated at G D. 

It is in accordance with the law that the 
angles of inddence are equal to the aogles of 
Rfcotfan, that a pcmon Is eoahled to see his whole figure reflected from tlie 
nboe of a oomparadTely small mirror. Thus, in Fig. 239, let a person, C D, 
FlQ. Z39. be placed at a suitable distance from a mir- 

p X ^ ror, A B. The rays of light, C A, proceed- 

ing from tho head of (he person, fall perpen- 
dicularly upOQ the mirror, and are therefore 
reflected bark perpendioulerly, or in the 
sane line ; tho rays B D proceeding from 
the feet, however, fall obliquely upon the 
irimr, and are therefhre reflected obliquely, and reacii the eye in tiio same 
' diraction they would have taken had they proceeded from tho point F behiad 

!• a* WM 662. The quantity of light reflected from a 
SlSS'Ii'S gi^en surface, is not the same at all angles, or 
•"•'■' inclinatioDs. When the angle or inclination 

with which a ray of light strikes upon a reflecting surface 
ia great, the amount of light reflected to the eye will be 




306 WILLI'S VATDBAIi tHaOKrOT. 

considerable ; when the angle, or iocliaatioti ii uAall, fbt 
amoaat of light reflected will be diminisbed. 

Ibna, te axMnpl^ whw lisU Mia pecpeodiciilarij opoa file ■oifan tf 
^M^UnvaoBt of 1,0M an ntnmadj botwhen it Uli at an an^ of 
860, S60 ivs out of 1,000 am nbmwl 

IlKHiaaqt&DaiiftiiipolkiMdgJaaBirodaaeano Image ofaa otject byn- 
ScotioD wbes the nja lUl on it an^ perpendjcmlai^y ; bat IT tbe llaiiia c(i 
candle bo IwU b aoob ■ paMwn Oat Om n^ AH i^on tba aoiftos rt a TCf. 
■Mil «Dt^ a dattnot loMga cCit wm be Been. > 

We bare in Oda aa explaDatioB cf .fiw But, tliat a i^eotator atandlng i^ 
lliiilwil iif ■ riinr anna tliiiliiiagiM ff thn ntninritu baokacd tbo otjoota t^ti 
II rcAected is Iba wattr moat diMiiHtlr, iriiDe the im^es of nearer olifM 
an neo i iup ariho fly , or not at bQ. Here the raya coming ftcai file dUirt 
etjeota itrike tlie mrikoetf fiw water Tcrfobliqaelj, and s aalltdent nimbr 
araiaflaotBd tomakBaaMaflJehmwaioiinponaieere; while tlie ivi |if- 
oeeding Ihan near otijeata atrfke tfaa water witti litUa obUqnitj, and tbe ^jM 
. jeflected is not BufB<Wt to make a oeiuible impreanon open flie ej<L 

Tbia fact ma/ t>e dearlj eeen b; Fe&reuB to Fi^ 140. 




Let S be the pceltion of the spectator ; O and B the position of d 
objects. Tlie raja R and B K irtiicli proceed from thnn, Btrike the snrfaco 
of the water vf/ej obliquely, and the light which is reflected in the directjoii 
E S is sufficient to m^ a sensible ImpreasioQ upon the ejB. But in regard 
to objects, such aa A, placed near the spectator, tliey are not seen reflected, 
becAUse tbe ra;s A R' which proceed from them strike the water with bi^ 
little ofaliqiuty ; and consequently, the part of their light which ia reflected 
iu tbe direction R' S, toward the spectator, is not sufficient to prddnoe a aE» 
^ble impression upon the eye. 

wh.1 I. ths 66S, If an object be placed between two 
j2Siei"'puIS plane mirrors, each will produce a reflected 
•"'"•"' image, and will also repeat the one reflected 
by tbe other — the image of the one becoming tbe object 
for tbe other. A great number of images are thos pn^ 
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dnced, and if the light were not gradually weakened by 
loss at each successive reflection^ the number would be in- 
finite. 

If the mirrors are placed so as to form an angle with each other, the num- 
l)er of mutual reflections will be diminished, proportionably to the extent of 
the angle formed by the mirrors. 

-^ ^ The construction of the optical instrument called the Kalei- 

XjJeidoaoope. doscope is based simply upon the multiplication of an image 
by two or more mirrors inclined toward each other. It con- 
fists of a tube containing two or more narrow strips of looking-glass, which 
ton through it lengthwise, and are generally inclined at an angle of about 
W^, If at one end of the tube a number oi small pieces of colored glass 
and other similar objects are placed, they wiU be reflected fix>m the mirrors 

in such a way as to form regular and most elegant combinations of figures. 

An endless variety of symmetrical combinations may be thus formed, since 

every time the instrument is moved or shaken the objects arrange themselves 

differently, and a new figure is produced. 

—, . ,. Upon the surface of smooth water the sun, when it is nearly 

Why does the ^f , ^ , . , T 

■OB appear at vertical, as at noon, appears to shme upon only one spot, 

T\^ *"ne ^ ^^® ^^ °^^® ^**®^ appearing dark. The reason of this 
point upon the is, that the rays fall at various degrees of obliquity on the 
JjJ^ ^ water, and are reflected at similar angles ; but as only those 
which meet the eye of the spectator are visible, the whole sur^ 
&06 win appear dark, except at the point where the reflection occurs. 

Ytq 241 Thus, in Fig. 241, of the rays 

S A, S B, and S C, only the ray 
S C meets the eye of the specta- 
tor, D. The point C, therefore, 
will appear luminous to the spec- 
tator D, but no other part of the 
surface. 
Another curious optical pheno- 
D menon is seen when the rays of 
the sun, or moon fall at an angle 
upon the surface of water gently 
agitated by the wind. A long, 
tremulous path of light seems to 
be formed toward tlie eye of the 
spectator, while all the rest of tl)e 
=^= — == surface appears dark. The reason 

of this i^ypearanoe is, that every little wave, in an extent perhaps of miles, has 
•ome part of its rounded surface with the direction or obliquity which, accord- 
ing to the required relation of the angles of incidence and reflection, fits it to 
reflect the light to the eye, and hence every wave in that extent sends its mo- 
tteotary gleam, which is succeeded by others. 
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wiMtiiaOoa. 664. A conoave mirror may be oonsidereS 
^^ 'as the interior sorfiace of a portion, or segmeat 
of A hollow sphere. 

- This ia dearly- shown fai ¥ig, 24S. 

A concave mirror ma^ be represented bj a bri|^ spooo, or the zeSectortf { 
a lantern. 

Howarepuai. Whott parallel rays of light fall nponthf 
SfSi*?^ surface of a concave mirror, they are 
oKTs mirrorr ^j^^j causcd to couYerge to a point half 
between the center of the finrface and the center ci 
curve of the mirror. This point in front of the mirror ii 
called the principal focus of the mirror. 

Thus, in Fig. 242, let 1, 2, 3, 4^ etc^ be 
parallel mjs &lling upon a concave mir- 
ror ; thej will, after reflection, be found con 
T^iDg to the point o, the principal foco^ 
which is situated half waj between the 
center of the sur&ce of the murror and 
the geometrical center of the curve of the 
mirror, a, 

665. Concayft 
mirrors are some- 
times designated 
as "Burning Mirrors/' since *' .— -" 

the rays of the sun which fall upon them parallel, are re- 
flected and converged to a focus (fire-place), where their 
light and heat are increased in as great a degree as th# 
area of the mirror exceeds the area of the focus.* 

666. Diverging rays of light issuing from a 
luminous body placed at the center of the curve 
of a concave spherical mirror, will be reflected 
back to the same point from which they diverged 



WTiy un con- 
eave mirrors 
called baming 
mirrors? 




In what man- 
Ber arediTerg- 
ing rays re- 
flected from a 
ooncaTa mir- 
xor? 






* A burning mirror, 20 inches in diameter, eonstmcted of plaster of Puis, gllk and bor- 
■Ished, has beenToand capable of igniting tinder at a distance of 60 feet. It is niatsd 
that Archimedes, the philosopher of Syracuse, employed burning mtarors 900 TeArsbefon 
the Christian era, to destroy the besieging nayy of Marcellns, the Roman eonsol ; Ml 
mirror was probably constructed of a great number of flit pieces. The most remarkalis 
experiments, however, of this nature, were made by BuflTon; the eminent Freneh Datorslp 
ist, who had a machine composed of 168 small plane mirrors, so arranged that thty si 
reflected radiant heat to the same toena. By means of this combination of re fl ee tla g i 
faces he was sble to set wood on fire at the distance of 200 feet, to melt ksd al 109) 
and silTir at 00 f esL 
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Fig. 244. 
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Fio. 243. Tbos, if A B, ilg. 243, were a concave spheri- 

cal mirror, of wbicli G were the center, rays issu- 
ing from G would, in obedience to the law that 
the angle of incidence and reflection are equal, 
meet again at G. 

Diverging rays falling on a spheri- 
cal concave mirror, if they issue from 
irincipal focus, half way between the center of the sur^ 
and the center of the curve of the mirror, will be re* 
h1 in parallel lines. 

a, in Fig. 244, if F represent a can- 
*ced before a concave mirror, A B C, 
ay between the center of its surface, 
the center of fts curve, G, its rays, 
upon the mirror, will be reflected 
parallel lines d efgh, 
I principle is taken advantage of in 
angement of the illuminating and 
ng apparatus of light-houses. The lamps are placed before a concave 
in its principal focus, and the rays of light proceeding fix)m them are 
Hi parallel from the sur&ce of the mirror. 

When the rays issue from a point, P, Fig. 
245, beyond the center, C, of the curve of the 
mirror, they will, aft;er reflection, converge to 
a focus, / between the principal focus, F, and 
the center of the curve, C. 

On the contrary, if the rays issue from a 
point between the principal focus, F, and the 
surface of the muror, they will diverge after 
reflection. 

667. Images are formed by concave mirrors 
hfwZ in the same manner as by plane ones, but they 
are of different size from the object, their gen- 
effect being to produce an image larger than the' 
t. 

When an object is placed between a concave 
mirror and its principal focus, the image will 
appear larger than the object, in an erect posi- 
tion and behind the mirror. 

will be apparent fix>m Fig. 246. Let a be an object situated 
the Ibcns of the mirror. The rays from its extremities will &11 
mt on the- mirror, and be reflected less divergent to ih* vj% at 



Fig. 245. 
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Fig. 247. 




Fio. 246. as thongfa they proceeded from^an ob* 

Ject behind the minor, as at A. To in 
eye at b also, the image will 9ippfU 
^j^^ 'Y larger than the object o^ since the iuj^ 
:'■' XJL ^^ vision is larger. 

\ If the raya proceed jfrom a distant bodj, 
Y as at E D., Fig. 247, beyond the oeO' 
ter, C, of a spherical concave mirror, A 1^ 
thoy will, after reflection, be oonveiged to 
a focns in front of the mirror, and sons' 
what nearer to the center, C, than the priih 
dpal focus, and there paint upon any 
substance placed to receive it, an im- 
age inverted, and smaller than the object ; 
this image will be very bright^ as all the 
light incident upon the mirror will be gath- 
ered into a small space. As the object 
approaches the muror. the image recedes 
from it and approaches G ; and when situ- 
ated at C, the center of the curve of the mirror, the image will be reflected. 
as large as the object : when it is at any point between C and j'J supposing /. 
to be the focus for parallel rays, it will be reflected, enlarged, and more dis- 
tant from the mirror than the object, this distance increasing, until the ob- 
ject arrives at/, aud then the image becomes infinite, the rays being reflected 
parallel* 

668. When an object is further from the 
surface of a concave mirror than its principal 
focus, the image will appear inverted ; but 
when the object is between the mirror and its 
principal focus, the image will be upright, and 

increase in size in proportion as the object is placed nearer 

to the focus. 

The feet that images are formed at the foci of a concave mirror, and that by 
varying the distance of objects before the surface of the mirror, we may vaiy 
the position and size of tbe jmages formed at such foci, was often taken ad- 
vantage of in the middle ages to astonish and delude the ignorant Thus, 
the mirror and the object being concealed behind a curtain, or a partition, and 
the object strongly illuminated, the ra'-s from the object might be reflected 
from the mirror in such a manner as tt pass tbrougli an opening in the screen, 
and come to a focus at some distance beyond, in the air. If a cloud of smoki 

* In all the eases referred to, of the reflection of li^ht from concave mirrors, the aper* 
tare or cunrature of the mirror Is presumed to he inconsiderable. If It bie inereaaed be- 
yond a certain limit, the rays of light incident upon it are modiAed ia tiieir 
Cromitt tarfiustfu 



When will the 
images reflect- 
ed Irom a con- 
cave mirror 
appear invert- 
ed, and when 
erect? 
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n banmig inoeose were caused to asoend at this point, an image would be 
ned upon it^ and appear suspended in the air in an apparently supernatural 
aner. In this way, terrifying i^paritions of skulls, daggers, etc., were 
dnoed. 

669. A Convex Mirror may be considered 
as any given portion of the exterior surface of 



it is a Con. 
z Mirror? 



iphere. 



ere is the 
MJ^allbeae 
a oonrex 
rar? 



The principal focus of a convex mirror lies 
as far behind the reflecting surface as in con- 
cave mirrors it lies before it. (See § 664) 
le focus in this case is called the virtual focus^ because 
is only an imaginary point, toward which the rays of 
lection appear, to be directed. 

Thus, let a b c d e, Fig. 248, be 
parallel rays incident upon a convex 
mirror, A B, whose center of curvature 
is 0. These rays are reflected diverg- 
ent, in the directions a b' c 6! e\ as 
though they proceeded from a point, 
P, behind the mirror, corresponding 
to the focus of a concave mirror. 

If the point be the geometrical 
center of the curve of the mirror, the 
point JF will be half way between 
and the surface of the mirror ; as this 
00 k only apparent, it fa called tiie virtual focus. 

Bays of light falling upon a convex mirror, 
diverging, are rendered still more divergent by 
reflection from its surface ; and convergent 
rays are reflected, either parallel or less con- 

Fia. 249. 
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670. The general effect 
of convex mirrors is to 
produce an image smaller 
than the object itself. 

*ua, in Pig. 249, let D E be an object placed 
MP© a convex mirror, A B ; the rays proceed- 

from it will be reflected from the convex sur- 
» to the eye at H K, as though they proceeded 
n an object^ d e, behind the mirror, thus pre- 
ting am image smaller, erect, and much nearer 

mirror than th» ol)jeot» 
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• HiiH Dm glatralu bottUa filled with oUatad Squid, In tt^wMnrrfl. 
dn^otore, ozhibit all tbe ntrietj of moring soeoerjr wlAooli Baoh ■ to- 
ikgas, e«Tt^ «nd people moTing la difltemt diraatkna: tlM vffptt:t^ rf 
e*di bottle ezbibitiog all tbe imagea inverted, whOe the lower half eaUife 
anoUmBet oftUeat in tli« erect pcMititn. 

CaoTez miircHs are aometinMa called di^Nntaig n^nnn, aa all tfeei^r**' 
light which &11 apon tbem are reflected in a diniglng dfaecti 
wiwi !■ Cm- ^'^l- Tliat department of the science 
, ""i*^' optica which treats of reflecitcd light, a. 
desigiuted as Catoptbics. 

SECTION .II. 
BBrBi.cTiDM or t-tSBt. 

wtaattameuit ^^S^^ tTHveoM A giTen traQSparent iob- 
^"^iM^ stance, each aa air, water, or glass, in a straigU 
line, prorlded no leflectioa oocurs and Uiere it 
ho change of denaity in the composition of the mediom ; 
but when light passes obliquely from one mediam to UQr 
other, or from one part of the eame mediam into another 
part of a different dendty, it is bent from a straight line, 
or refracted. 

wbitia * m*. 672, A medium, in optics, is any substance, 
diomiaopOMi golid, liquid, or gaseous, through which light 
can pass. 

A medium, in optics, ia said to be dense or rare, according to Ita power of 
retmctiag lighl^ and not according to its epeeific gravi^. IHraa alcohol, tSra 
oil, oil of turpentine, and the like substances, sHlioagli of leas Eqiociflc gravity 
than wBt«r, have a greater reTractive power ; the? are, thereftre, called denser 
media tban water. 

673. Tbe IhadatneDtal laws which govern tbe reflraatiiin oT ligbt ma;- be 
staled as foHowa .- 

wiurtiiin KOT- When light paBses from ooe medium intc 
um^niiST' another, in a direction perpendicular to tfeE- 
surfa^e, it continues on in a straight lino, iritb- 
out altering its course. When light passes obliquely fiotn 
a rarer into a denser medluoi, it is refracted toward a 
perpendicular to the surface, and this refraction is in- 
creased- or diminished in proportion as the rays &U. Diore 
or less obliquely upon the refracting surface. 
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■ When light pasees obliquely oat of a denser into a rarer 

medium, it passes through the rarer medium in a more 

oblique direction, and further from a perpendicular to the 

surface of the denser medium. 

FiBi 260. Thu*, in Kg. 260, suppose n m lo represent tiis 

Bnibce of water, and S O & ray of light Rtrikiug 
upon its Buriacc. When Uie ray S O enters tfas 
water, it will no longer pursno a straig^it course 
but Hill ba relmcted, or bent toward Uie perpen- 
dicular line, A B, in the direction S O. The denser 
the water or other fluid may be, the more tbe ray 
8 H will be refracted, or turned toward A B. 
I^ Wk the contrary, a ray of light, II O, passes from 
direction after leaving the water will ba farther Traat 

the perpendicular A 0, in the direction O S. 
The enacts of the refl'actioci of Tin. 251. 

%ht may be innstrated by the fbl- 

Wing aimfde ezperioieac : — Let a 

con or any otkeT object be placed 

■I Ihe bottom of a bowl, as at fn, 

Kg. 251, in such a numner that the i 

tfe at a can not perceive It, on ac- ' 

(oont of the edge of the bowl which 

iolerrenea and obstructs the rays of 

ligfaL If now an attendant care- 

iillly pours water into the veasel, the 

nin rises into view, JuM aa if tbe bottom of the basin had been elevated 

tbove its real leveL This is owing to a reJhiction by the water of the raya 

<f U^t proceeding- bwo the coin, which are thereby caused to pass to the 

9a in the direction i i. The image of the a 

direction (tf these rays, instead of at tn, it 
A straight stick, partly immersed in w 

at tbe point of imiaersion. This is owing U 

proceeding tmm the part of the stick contained in the w 
Fill. S52. caused to deviate Irom a straight 1i 




1, therefore, appears at n, m the 

r, appears to be broken or bent 
D the fact that the rays of light 
e rcfracleii, or 
7 pass from tha 



consequently that portion of the stick 
!| iromersed in the water will appear to be lilted up, or to 
be bent in such a tnonner as to form an angle with tha 
part out of the water. 

The bent appearance of the stick in water is represented 
in Fig. 262. For the same reason, a spoon in a glass of 
water, or an oar partially immersed in water, always ap- 
I pears bent. 

' Oniooootitrfthia bending of light from objects under water, a person who 

■dMTon to rtrike a flsh with a spear, must, unless directly above the Bah, 

U 
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aim at a poinfe apparanUy below it^ uUiwwke tiie impon will vSm^ 17^ 
ing too high. 

• A river, or any dear water Tiewed dUi^pieljr ftom the baiil^ appean mm 
■haUow than it really- k^ siiioe the hf^i prooeediiig tnm flie djects at ttft 
bottom, 18 refiracted as it emeigea ftom tiie 8iiriM» of tiie water. Tbe depdi 
of water, under siich drcomataooei^ le aboot one tiiiid more Htma ife anpeM^ 
and owing to tiiia optical deoeptkM^ peraona in bathing am BaMe togatte* 
yond their depth. 

Light, on entering the fttniofpheie^ ii hk 
gwrie TCftao- fmcted in a greater or kss Aeg^, in jxopoi^ 
tion to the density of the ii^ f fMnnqmiilyi 
08 that portion of the atmosphere n oawrt ijbff sniflMtt 
of the earth posBesses the greatest density/ it mnst Ad 
possess the greatest refractive power. 

WluitelfeetiuM From this caoae the smi and other oetoatlalbodieaaie 00m 
nihusfcionnpon seen in their tme sitoatiiHiBy unless thegr happen to be ▼eiti' 
^^^^^ ^' cal; and the nearer they are to the horiscm, the gieatwwfli 
be the inflnenoe of refractioii in altering the apparent place of 
any of these lominariea 

This forms one of ']^e sonroea of ectv to be allowed Ibr in all astronomicBl 
observations, and tables are calculated fer finding the amoont of lefractioD, 
depending on the apparent altitude of the olyect, and the state orthe baroo* 
eter and thermometer. When liie object is vertioal, or nearly so^ this error 
is hardly sensible, bixt increases n^idly as ii approaches the horizoo ; so that, j 
in the morning, the sun is rendered visible before he has actually risen, and 
in the evening, after he has set 

For the same reason, morning does not oocor at the in- 

auttse 5 twi- ^^^'^^ ®^ *^® *"'* ® appearance above the horizon, or night 
lifi^tf set- in as soon as he has disappeared below it Bat both 

at morning and evening, the rays proceeding from the soil 
below the horizon are, in consequence of atmospheric refraction, bent 
down to the surface of the earth, and thus, in connection with a reflect* 
ing action of the particles of the air, produce a lengthening of the day, tenned 
twilight 

In what man- '^^ *^® density of the air diminishes gradually upward from 
aer ii light re- the earth, atmospheric refraction is not a sudden diange of 
ftoX^?** direction, as in the case of tha passage of lifi^t from air into 
water, but the ray of light actually describes a corvei, being 
refracted more and more at each step of its progresa This iqDpfies to 
the light received from a distant object on the surface of the earth, whidi is 
lower or higher than the eye, as well as to thai; received from a odiestial ob» 
ject, since it must pass through air constantly increasing or ditninighing Iq 
density. Hence, in the engineering operatioa of leveling, this refraction mnat 
be taken into eonsidenitifliL 
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EzDiain Qm ^^^* "^^ application of the laws of refraction of light ao- 
phonomeoA of coiint for many curious deceptive appearances in the at- 
''"*8«- mosphere, which are included under the general name of 

Min^e. In these phenomena, the images of objects far remote arc seen at an 
elevation in the atmosphere, either erect or inverted. Thus travelers upon a 
desert, where the surface of the earth is highly heated by the sun, are often 
deceived by the appearance of water in the distance, surrounded by trees and 
villagea In the same manner at sea, the images of vessels at a great distancer 
aad below the horizon, will at times appear floating in the atmosphere. Such 
appearances are frequently seen with great distinctness upon the great Amer- 
ican lakesw These phenomena appear to be due to a change in the density of 
the strata of air which are immediately in contact with the surface of the earth. 
Thus it often happens that strata resting upon the land may be rendered much 
hotter, and those resting upon the water much cooler, by contact with the 
sorfikoe, than other strata occap3ring more elevated positions. Rays, there- 
fore, on proceeding from a distant object and traversing these strata, will be 
unequally reflected, and caused to proceed in a curvilinear direction ; and in 
this way an object situated behind a hill, or below the horizon, may be 

brought into view and appear suspend- 
"*^ ed in the air. This may be readily 
understood by reference to Fig. 253. 
Suppose the rays of light from tko 
ship, S, below the horizon to reach 
the eye, after assuming a curvilinear 
direction by passing through strata of 
air of varying density; then, as an 
.s object always appears in the direction 
in which the last rays proceeding from 
It enter the eye, two images will be seen in the direction of the dotted 
Ibea, one of them being inverted. 

These phenomena may be sometimes imitated. Thus, if wo look along a 
Kd hot bar of iron, or a mass of heated charcoal at some image, a short dis- 
tance finom it, an inverted reflection of it will be seen. In the same manner, 
if we place in a glass vessel liquids of different densities, so that they float 
one above another, and look through them at some object, it will bo seen 
distorted and removed from its true place, by reason of the unequal refractive 
and reflective powers of the liquids employed. 

675. The angle of refraction of light is not, 
like the angle of reflection, equal to the angle 
of incidence ; but it is nevertheless subject 
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b the angle 
or refirmetum 
cqaal to the 
•ogle of lad- 
dcDoer 



Bines. 

Whatifariaa? 



to a definite law, which is called the law of 

A sine is a right line drawn from any point in one of tht 
lines inclosing an angle, perpendicular to the other lino. 
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Fig. 254; Thus, In Fig. 244, let AB be an angle; then 

a will be the sine of that angle, being drawn firom 
a point in the line A B, perpendicular to the line 
B G. Two angles may be cx)rapared hy means of 
their ranes, but whenever this is done, the lengths 
of the sides of the angles must be made equal, be- 
cause the sine varies in length according to the length of the lines formii^ 
the angle. 

The general law of refraction is as follows: — 

What th When a ray of light passes from one medium 
g^enu law of to another, the sine of the angle of incidence 
is in a constant ratio to the sine of the angle 
of refraction. 

The proportion or relation between these sines differs when different media 
are used ; but for the same medium it is always the same. 



FiQ. 265. 
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Thus, in Fig. 255, let F E be the surface of 
some refracting medium, as water, and H Bt. 
H' R, tays incident upon it, at different angles; 
the former will be refracted in "the direction 
B r ; a and h will be the sines of the angle 
of incidence, and c d the sines of the angle of 
refraction ; and the quotient arising from di- 
viding 6 by c, is the same as that from divid- 
ing a by d. In the case of air and water, 
the sine of the angle of incidence in the air 
will be to the sine of the angle of refraction 
in water as 4 is to 3 ; in any two other me- 
dia, a different ratio would be observed with equal constancy. 

The quotient found by dividing the sine of 
the angle of incidence by the sine of the angle 
of refraction, is called the index of refraction. 

As different bodies have different refractive powers, they will present dif- 
ferent indices, but in the same substance it is always constant Thus, the 
refractive index of water is 1.335, of flint glass, 1.55, of the diamond, 2.487. 
Is light ever ^^ surface ever transmits all the light which falls upon it, 

wholly trans- but a portion is always reflected. If, in a dark room, wo* 
allow a sunbeam to fall on the surface of water, the division 
of the light into a reflected and refracted ray will bo clearly perceptible. 

"When the obliquity of an incident ray passing through a 
denser medium toward a rarer (as through water into air), is 

^*n* hr**^^**T ^^^^ *^^* *^® ^^^® °^ ^^ refracting angle is equal to 90°, it 
ceases to pass out, and is reflected from the surface of the 
denser medium back into it again. This constitutes the only known instance - 
of the 'total reflection of light The phenomenon may be seen by looking 



What is 
index of 
fraction ? 



the 
re- 



Under what cir- 
cumstances will 
total reflection 
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tfaroagh ihe sides cf a tumbler contftining water, up to the surface in an 
oblique directioti, when the sur&oe will be seen to be opaque, and more re* 
flective than any mirror, appearing like a sheet of burnished silver. 

No law has yet been discovered which will enable us to 
2S!J!U iSfln- j^dge of the refractive power of bodies from their other quali- 
ence the re- ties. As a general rule, dense bodies have a greater refrac- 
of bodiesT*^^ tive power than those which are rare; and the refractive 
power of any particular substance is increased or diminished 
fii the same ratio as its density is increased or dimmished. Refractive power 
seems to be the only property, except weight, which is unaltered by chemical 
combination ; so that by knowing the refractive power of the ingredients^ we 
can calculate that of the compound. 

All highly inflammable bodies, such as oils, hydrogen, the diamond, phos- 
phorus, sulphur, amber, camphor, etc., have a refractive power from ten to 
seven times greater than that of incombustible substances of equal density. 

Of all transparent bodies the diamond possesses the 
greatest refractive or light-bending power, although it is 
exceeded by a few deeply-colored, almost opaque miner- 
als. It is in great part from this property that the dia- 
mond owes its brilliancy as a jewel. 

Many years before the combustibility of the diamond was proved by ex- 
periment. Sir Isaac Newton predicted, from the circumstance of its high re- 
fractive power, that it would ultijpately be found to be inflammable. 

If thie surface of any naturally transparent body is made 
rough and irregular, the rays of light which fall upon it 
are refracted and reflected so irregularly, that they fail to 
penetrate and pass through the substance of the body, 
and its transparency is thus destroyed. 

Glass made rough on its surface loses its transparency ; but if we rub a 
ground glass sur&ce with wax, or any other substance of nearly the same 
opticttl density, we fill up the irregularities and restore its transparency. Horn 
ii translucent^ but a horn shaving is nearly opaque. The reason of this is 
^ot the surface of the shaving has been torn and rendered rough, and the 
Ts^ of light idling upon it are too much reflected and refracted to be trans- 
muted, and thereby render it translucent. On the same principle, by filling 
Up the pores and irregularities of the sur&oe of white paper, which is opaque, 
With oil, we render it nearly transparent 

Her iirefrac Accordiug to the uudulatory theory of light, 
tfm aeeonnted j-efractiou is supposed to be due to an altera- 
tion in the velocity with which the ray of light 
travels. According to the corpuscular theory, it is ac- 
counted for on the supposition that different substances 
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exert different attFacttve inflneiuBeB on fhe partmles dP 
light coming in contact with them. 
yftmik Is Diop. That department of the soience of optics 
^'^^ which treats of the refiaotion of light is tenned 
Dioptiice. 

What fOMMt 6*^^' When a ray of light passes through a 
^'^ thr^ transparent medium wluNie sides where tbs 



1 




^SSSwrSi£!f' ^y enters and emerges are parallel, it mi 
suffer no permanent change of direction hj 
refraction, since the second sur&ce exactly oompensates 
for the refractiye effect of the first 

Fia. 266. ThiM let A A, Ilg, 266^ be a plate of 

l^aBi^ whom ndes are panUd, and B C « 
nj of Bg^t incideDt ppon it; it will be n- 
ftacted in the direction C D, and cm lesfiig 
the ^UmwiH be refracted again, eoMgiof 
intbe line D K, panOd to tiie oomwit 
would liaTe punned if it had not been » 
ftactod at aD, and wMdi la ahown hy iSti 
dottedllne. AamalllatonldiBplaoemenkiE^ 
however, occaaiocied in the path of the ray, 
depending on the thickness of the g^ 
plate. 
This explains the reason whj a plate cf 
glass in a window whose sur&oes are pofSdctly parallel, oocaalonB no diabr* 
tion, or alteration of the position of objects seen through it, bj reason of iti 
refractive power. The rays suffer two refractions in contrary directions, which 
produt» the same effect as if no refraction had taken place. 

wh*t happen! I^ ^^6 surfUces of the medium through which 
^8 through l^gl^* passes are not parallel, the direction of 
StfeSeBaTenot ®^®ry ^^7 passlug through it is permanently 
p*"*"®*^ altered, the change being greater as the incli- 

nation of the two surfaces is greater. 

Thus window-glass of unequal thickness displaces and distorts all objects 
seen through it Hence the singular distortion of objects viewed through that 
swelling, or lump of glass known as the " bull's eye," which is sometimes 
seen in the center of very coarse panes of glass, and which remains whers 
the glass-blower's instrument was attached. 

What ifl • 677. Any glass having two plane siufecea 
^^'*^' not parallel, is called a Pribil 
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^ As (xdinaril^ oonstructed, a prism ia an Fick 257, 

obloBg, triang^ular, or wedge-shaped piece of 
glass, with sides incliiied at any angle, as 
is represented in Fig. 25*7. 

tion of the prism, all objects are seen 
P'^**™- removed from their true 

placa Thus, let A B, Fig. 258, be a prism, and D E a ray t)f light mc*> 

Fia. 258. dent upon it; it w31 be refracted ia 

the direction E F, and on emerging, 

c o-.^^ A ^^ agam be refracted in the du-ec- 

""""•••.^ / \ tion F H; and as objects always 

c/ ---^Ap appear in the direction in which the 

^^ ^ ^ T*^^ iL ^^^ ™y enters the eye, the object 

O?'^^'^ ^^""^^ D will appear at Gr, in the direction 

of the dotted line, elevated above its 
real position. If the refracting angle, A B, bad been placed downward, 
the object would have appeared as much depressed. 

The prism, although of simple construction, is one of the most important 
of optical instruments, and to its agency we are indebted for most of the in- 
formation we possess rejecting the nature and constitution of light The 
'beaatiM and complicated results of its practical application belong to that 
department of optics which treats of the phenomena of oolor. 

678. A Lens is a piece of glass or other 
transparent substance, bounded on both sides 
by polished spherical surfaces, or on the one side by a 
spherical, and on the other by a plane surface, Kays of 
light passing through it are made to change their direc- 
tion, and to magnify or diminish the appearance of objects 
at a certain distance. 

now nuiny Thcrc are six different kinds of simple lenses, 
i^tretiS^? all of which may be considered as portions of 
the external or internal surface of a sphere. 
Four of these lenses are bounded by two spherical sur- 
&ces, and two by a plain and spherical surface. 

Fig. 259 represents sectional views of the six varieties of simple lenses. 

•Ezpuinthedif- ^ doublc couvcx Icus is bouudcd by two 
wt kind* of convex spherical surfaces, as at A, Fig. 259. 

To this figure the appellation of lens was first applied from 
-^ resemblance to a lentil seed (in Latin, hms). 

A plano-convex, or single convex lens has one side 
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bounded by a plane sniftoe, and tbe otber by a conm 
•urfifcce. It 18 lepiesented at B, Fig. 259. 

FlQ. 259. 





A mmacQBj or concavo-convex lens is convex on one 
side and concave on tbe otber, as at C, Fig. 259. 

To this kind of lens the term "peranopao'* has reoeol^ been i^iplied, tm 
the Greeic, a|giuf|riiig to view on a& adesL 

A double concave lens is concave upon botb sides, aa 
at D, Fig. 259. 

A plamv-coDcave, or single concave lens, is bounded oti 
one side by a plane, and on tbe otber by a concave 8ur<- 
face, as at E, Fig. 259. 

A concavo-convex lens is bonnddd on one side by ^ 
concave, and on tbe other by a convex surfoce, as at F^ 
Fig. 259. 

Into hoir many The slx Varieties of simple lenses are divided 
leSSTbe"^ into two classes, which are denominated con-* 
▼wedf verging and divergin": lenses, since the one 

class renders parallel rays of light falling upon them con* 
vergent, and the other class renders them divergent. 

In fig. 259 A B C are converging, or collecting lenses^ and D E F divei^ 
ing, or dispersing lenaeec The forroer are thickest at the center; the latter 
we thinner at the center than at the edges. 

^ In the first dass it is suiBcient to consider only the doable-oonvex lens^ 
and in the second class only the donble-concave lena^ since the properties dC 
each of these lenses apply to all the others of the same class. 

For optical purposes lenses are generally made of glass, but in some, 
instances other substances are employed, such as rock-crystal, the dia* 
mond,eta 

wiut \M the 1° aU the various kinds of ienses there must 

Slltoi.r'**' be a point through which rays of light passing 

experience no deviation ; or in other words. 
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the incident and emergent rays are parallel. Such a point 
is called the optical center of a lens. 

What ii the ^^^ ^^^ ^^ ^ 1^^^ ^^ ^ Straight line passing 
aadsofaieiiBf through the ccntcr perpendicular to the sur- 
face of the lens. 

,^ . . On this line "will be situated the geometrical centers of the 

considered ex- two surfaces of the lens, or rather of the spheres of which 
actiy centered? they form portions. 

A lens is said to be truly or exactly centered when its optical center is sit- 
liated at a point on the axis equally distant from corresponding parts of the 
suT&ce in e^ery direction ; as then objects seen through the lens will not ap- 
pear altered in position when it is turned round perpendicnlarly to its axis. 

In what man- 679. Parallel rays of light falling upon a 
?5^SSted double-convex lens are converged to a focus 
iL? *^°^^* ^* * distance varying with the curvature of 
its sides. 

Fig. 260. The double-convex lens may be regarded as 

two prisms, with curved surfaces, united at 
A their bases, as is represented in Fig. 260; 

.. ^Bl_ *^^ as in a prism the ray of light refracted 

jj^Bj"^^-^^.^ by it is always turned toward its back, or 

1^ J^]> thicker part (whether that be turned upward, 

y^H ^^^^^""'^ downward, or to either side), it follows that 

yKf when parallel rays fall upon a double-convex 

Wf lens, or two prisms united at their bases, they 

will converge to a point 

What ii the The point where parallel rays of light fall- 
Jf'^'^JJ^ ing upon one side of a convex lens unite bj 
*^' refraction upon the opposite side, is called the 

principal focus of a lens. 

What is the The distaucc from the middle of a lens to 
Saiei*f*°** i^8 principal focusi, is called the focal distance 
of a lens. 

This in a single convex lens is equal to the diameter of the sphere of which 
ibff lens is a portion ; in a double-convex lens it is equal to the radius, or 
aeim-diameter of the sphere of which the lens is a portion. 

The focal distance of parallel rays falling upon a convex lens is repre- 
sented at A, Pig. 261. If the rays are converging, as at B, they will come 
to a fixms sooner, and if diverging, as at C, the focus will be further from the 
l^ns than for parallel rays. 

. The fiacus qf a convex lens may be easUy found by allowing the rays of 
the son to (aO perpendicularly upon one side of it, while a sheet of paper la. 

14* 
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hdd on the other. Abii^trtiifc<rf]ig(itiria lU. 9€L 

be otcened on the p^>er, iliminlnhiTig or Ia< 
creBBiiig ia sw acoordrng to the distance of 
the paper from the ^SH. If thefbrmer ieh^ 
in sndi » maimer tint the Aig of Ugfat b m- 
dnced to a dMtHDg huninoua pcnnt, as I* lep- 
.naoated in Elg. 363, it ia then ritnated in the 
JbooB rf the gjaia. 

<H .h.t priD. 680. From their prop- 
^iSS."' erty of cooTergtng pei^ 
jj^^jj^ jy " allel rays to a- focus, 
convex lenses, like cod- 
cave mirrors, may be used for tlie 

Jia. 362. production of high tempeiatarea, by coo- i 

centrating the rays of tiie san. ' 

The ordinary burning, «' Binf^aii^ |a Is wi preeentri i 
In ^g. 362, is sinqilj s donbI»«oiivez looa. Bf tbt i 
employment of very lai:ge lenaea, a degree of Lett 
m»j be i*octtiiMd tu exceeding thst of the beet odd- - 
stfucted fumaoe,* 

Hinr d«i ui« l^ *''® employment of conTBx leoses as 
JSofV'btiS^ huming-glaBses, the heat concentnited at the 
'"^^Jith'ula focua is to the common heat of the son, afl 
EaUsftheinnr jhe aica of the surface of the lens is to the 
area of the focus, 

' Thus, if a leoa four incfaos in diameter collects the sun's rays Into a focus st 
the distance of twelve inches, the focus wOl not be more then one tenth of an 
inch in diameter; ita sur&ie, therefore, ia 1,600 times lees than the auibce 
of (he lens, end coDeequentl; the heat will be 1,600 times greater at the focos 
than at the lena. 

' GSl. The properties of a concave lens are greatly dif- 
ferent from those of a convex lens. 

Bays falling upon a coDcave lens are so re- 
oiarw af ht' fracted in passing through it, that they diverge 
J^iWe"^^ on emerging from the lens, as though they 
uTeieur issued from a focus behind it. The focus, 

f yean rincs In Engliaid, three hcl tn 
Aea. FipoBed to th« bait «aii«Dtjsted 

■tniied, wliUs qnarli, flint, uid t^ BOtt nfradotjr eutbr •bMumk vera nslOy 
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(herefore, of a concave lens is not real, but virtual, as is 
ihe case with a convex mirror. 

Thus, in Fig. 2G3, 
the parallel rajB, a b 
cdt, elc, fijling upoa 
tbe double codcsts 
lens, L Iv, are 80 re- 
fracted Id paamng 
through it, that thef 
are mede to diveige, 
OR t^iougli proceedipg 
from the poiDt F, be- 
hind the lens. 

In a similar man- 
ner coDTergent rays are rendered le«a converpient, or even parallel 
Do tanrex 682. ImagCB are formed in the foci of con- 
truTe^rS! '^ex lenses in the same way as iu the foci of 
u™ . fta^ipai concave mirrorB. 

Thus, if we talce a convex lens aod place behind il, at a proper dialaDoe, a 
a'leet of p^>er, there will be depicted upon the pap r beautifuU; clear and 
distinct images o^ all the objects in front of the lens, in an inverted poaitlon. 
llie manner in which the; are fimned is illustrated in Pig. 361. 




Fio. 264 




H. Thus, let AB 
iprmiuan of represent an ob- 

tbre a double 
convex lens, E F. The ra;s 
proceeding from A, the t(^ erf' - 
ttie object, will be convei^ed 
bj the leoa and brought to a 
bciu at D, where tbey will 
tana an image ; the. rajs pro- ' 
eseding from B, the liase of the object, will also be converged and brought 
(0 a fijcus at C ; and bo each pobt of the object, A B, will have its oorre- 
ipooding image between C D. In thia way a complete image will be formed, . 
wh »TB tin '^^^ image formed by a convex lens will ap- 
jnigufbrBMi pear inverted, because the rays of light from 
im«« iDTvtt- the several points of the object cross each 
other in proceeding to the corresponding points 
of the image. 

Thus, in Fig. 2G4, the ray, A E, proceeding ttom Ihe top of the oliiect and 
falling obliquely npon the lens, is refracted into Hie course E D, aud in like 
naonerUienr BFia refracted b the direction FCi and aa tbcae rays cidm 
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mtAk other, fhe ima^ of the vrow appean inTerted. The oentral xi^ of U^ 
prooeeding from the object in the direction of the axis G, and fiUUng penpcn- 
diooiariy upon the aiir&ce of the koa^ undergoes no refraoticni, but oontiinnes 
on in a direct oouise. 

The images thus fimned hj convex lenses maybe rendefed 
i^ftmed^ visible by being reoeived iqxni white aoreens^ or aoy boMHb 
wnrez leoflM objects^ or direcflj faj the ej^, iiriien idaoed in a proper poi* 
bj^made yiA- ^^ ^ receive the raya. 

When, by the emploTnient of tiie oonvcocleiis as % buniiDg- 
SiE«^ we oonoeiitrate on any suitable surflux^ llie son's mys to a fixni^ 
luminous flpot^ or circle formed, is reaQy an image^ or plctaie of tibe sim 
itseIC 

whj an m. ^^' CoDvex leoses, as ordinarily nsed^ are 
^h!!^^!^ called magoifying-glasees, because they in' 
^"''^' crease the apparent size of the objecto seen 

through them. ^ 

The reason of this is, that tiie lens to ifdters^ 
wJn leM by refractioD, the direction of the rayi of light 
*'*''°^ proceeding from an object, that tb^y enter the 
eye as if they came from points more distant ftony'each. ' 
other than is actually the case, and hence the bbjeot.ap^ 
pears larger, or magnified. ' : 
^ On the contrary, the concave lens, whicb 

Why does a • /*» 

eorcave lens produces an exactly opposite effect upon th© 
apparent idze ravs of Uffht, caiises thc ima&'e of an object; 

o?an object? xU 1 'x x 11 

seen through it to appear smaller. 

On the same principles also, concave mirrors magnify, and convex miiiois 
diminish the images of objects reflected from their sur&cea 

Hence the maffnifying or diminishing: power 

Whatissaidof ^- . ^ ^ • k i i j 

the magnifying 01 Icnscs IS uot, as IS often popularly supposed, 

or diminishing , , .' i. *^ - i ^t^ i 

power of lensesf due merely to the pecuhar nature of the glass of 

which they are made, but to the figure of their 
surfaces. 

The doable convex lens, inclosed in a convenient setting of metal or hmn, 
( extensively employed by watch-makers, engravers, etc^ with whom it 
passes under the general name of lena 

How may con. 684. In addition to the effect which convex 
dS^JSUtont'Sb-' lenses produce by magnifying the images of 
jecta visible? objects, they are also capable of rendering 
4istant objects visible which would be invisible to the 
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laked eye, 1^ catiBiDg a greater Dumber of rays of light 
proceeding from them to enter the eye. 

The liglit which produces viaion, b8 will bo iDoro fuQj ox- 
bKuM Kilon plflined hereafter, enlera tlie eye through a circular opening 
iT ihe cDiiTBT called the pupil, which is the black circular spot Eurrouadcll 
-ggtl ^T "• colored ring, appeariug in tlio center of the front of tho 

eje. Now, as the rays of light proceeding lh)ra an object 
Urergo or apread out in every du^ctioii, the number wbicb will enter tbo cjo 
Kill Ds limilad bj tba size o( the pupil. At a great diataoce ttom an object, 
IE will be seen in Fig. 265, few rajs will eul«r theeye; but it, as in Fig. 2G6, 
ire place before the e;e a convex: lens of moderate jize, a lai^ number of 
tbe diverging raya will be collected and coDcentimlad into a single punt or 
focus bebind it, and tlius aSbrd to Hie eye occnpyii^ a proper position aoffi- 
.o enable it to see the distant object diatinctly. 




Fra. 26fl. 



Id like manner a concave mirror, by canting divergent rays which 
Dpoi tbe surface to become convergent^ may be used to produce the Eaui 
kt, aa is ahowQ in Fig. 36T. 

PiO, 267. 



SECTION III. 



BBS. It has, upto this point, been assumed, that light ia a simple Bubstaoce, 
■ad that all its rays, or parts, are refrained in precisely the same manner, and 
UwreE^s lufTer the aamo changes when act«d upon by tmusparcnt media. 
Itd^ howerer, is not ita constitution. 
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Wbiit I) tha White light, as emitted from the atin, « 
wSta^ui'^ from any lumiuous body, is composed of seven 
different kinds of light, viz., red, orange, yel- 
low, green, blue, indigo, and violet. 
Whit i> the ^he seven different kinds of light prodnce 
origtoof(»iHi ggyg^ different colors, viz., red, orange, yellow, 
green, bhie, indigo, and violet. These seven colors bw 
culled primary colore, since by the union or mixture of 
some two or more of them, all other colors, or varieties of 
color are produced. 
How ig light The eeparation of white light into its sey- 

sMijiedf gj.j^| parts ia effected by means of a prism. 
When a ray of white light is made to pass through a 
prism, each of the seven rays of which it is' compoEed 
are refracted, or bent out of their course differently, and 
furm ou an opposite screen or wall an image composed of 
bands of the seven different colors. 
wha iM tin 686, The image formed by a ray of white 

spntrumf ]jgj,j pasaiug through a prism, is called the 
Solar, or Prismatic Spectrum, 




The Beparalion of a ray of fiilar liglit into difTorent colored raj^ by refrao- 
lion, IS repreaentcd in Fig. 268. A ray of liglii, S A, is admilted Ibroagh 
an aperture Id a, abutter into a darkened clianibtT, nod caused to fall on a 
prism, P. Theray tiios entering would, if allowed lopasauuobatrucledly, haTu 
Dioved in a alraigbt tine to lUe point K, on the Boor of tbe room, and then 



.- THK AKALTSIS OF LIGHT. 327 

fijrmed a drcokit diK of white light ; but by the interposition of the prism 
the ray spreads onl in a &Q-shape, and forms an oblong colored image on the 
opposite wall. This linAge, called the solar spectrum, is divided horizontally 
into seven colored spaces, or bands, of unequal extent, which succeed each 
other in an invariable order, viz., red, orange, yellow, green, blue, indigo, violet 

Upon what does The Separation of the seven different rays 
of^wSST^S composing white light from one another, de- 
depend? pends entirely upon a difference in their re^^ 

frangibility in passing through the prism ; those which 
are refracted the least falling upon the lowest part of the 
screen, and those which are refracted the most upon the 
upper part. 

Thus the red rays, whicb are the least refracted, or the least turned from 
their course by the prism, always occur at the bottom of the spectrum, while 
the violet, which is the most refracted, occurs at the top ; the remaining colors 
being arranged in the intermediate space in the order of their refrangibiUty. 

wiuitadditioMi The seven different rays of light, when once 
5f*tte wmpod! separated and refracted by a prism, are not 
v^if^^ ^^**® capable of being further analyzed by refraction ; 
but if by means of a convex lens they are col- 
lected together and converged to a focus, they will form 
white light. 

If the spectrum formed by a prism of glass be divided into three hundred 
and sixty parts, it is found that the red ray, or color, occupies forty-five of 
those par' , the orange twenty-seven, the yellow forty-eight, the green sixty, 
the blu. aizty, the indigo forty, and the violet eighty. 

If we take a circle of paper and paint upon it in divisions of proportionate 
size the seven colors of the spectrum, and then cause it to rotate rapidly about 
a center, the colors by combination will impart to it a white appearance.* 
From this and other experiments, therefore, it is inferred that Ught which we 
call coloriess, or white (as that coming immediately from the sun), really con- 
tains light of all possible colors so mixed as to neutralize each other. 

687. The separation of the different rays of light which 
jcakeB place in their passage through a prism, is designated 
by the term Dispersion. 

Explain what '^^'^ order of rcfrangibility of the seven different rays of 
Umeaotbjthe light, or the arrangement of the seven colors in the spec- 
wof'dSerSit *™™> ^ always the same and invariable, whatever way the 
prism may be turned ; the lower end of the spectrum being 



* It is very common to find it stated in books of science that by mixing powders of the 
■even different colors together a wliite, or grayish-white comx>ound may be produced. 
The «xp6riiiMnt, is not, howerer, satisfactory 
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red, vhich passeB upward into Ofange, tiien into jeUow, then green, Vtat, 
indigo, and violet, wbicb ia at the apper end. 

Dissimilar Bubatancea, bowever, produce spectra of different lengtbi, <Kl•^ 
count of a diffnence in their re&actiTe properties. Thoa a ray of light t» 
yertiBg a prism of flint-glass, will have its red aul violet coins separated m 
« screen twice as widely aa tboee of a ray passing through a similar pram 
of crown-glaaa. This difference is expressed bj sajing that the dispeisin 
power of the two substances ia different, or that flint-glass has twice the S^ 
persive power of crown-glass. 

trh wfiL '^^ " '^"^ ""'^ ^° conndered aa a modiflcation <tf the 

u ordinuT prlsm, It follows that when light is reliracted throng a leu, 
»rf«ltaum* '' '* separated into the different colors, preciaely aa bj t 
prism ; and bh every raj contajned in white light is refracUd 
differently, every lens, of whatever substance made, will have a diflbrent fbaa 
Ibr every different color. The images, therefore, of suob lenaea will be mm 
OT less indistinct, and bordered with colored edges. This imperfbctkm fl 
termed chromatic abemtboo. 

For this reason the focus of a bnming^lass, which Is an optical image of 
the sun, is never perfectly distinct, but always confiiaed by a red, or blue bee 
der, since the various-colored rays of which sunlit is composed, can nrt 
all be brought to the same focus at once. In a like manner, if we pcnnta 
common telescope at a blue and ted hand-bill at a short distance, we ehlU 
hare to draw out the tube of the iostrument to a greater lengUi incHderto 
read the red than the blue letters. 

th Theae fringes of color are a most serious obatacle to tit 

conttructiQD of perfection of optical instruments, especially Id astronomicil 

*" MtromBiic [piescoppa, wlicre great nicelj- of observation Is required ; and 

to prepare a lens in such a way that it would :fract light 

le time diapersing it into colors, was long coasidci ^ an im- 

The discovery was, however, made by Mr. Lollond, 
an Englishman, that by combining two lenses, tbrmcd 
of materials which refract light differently, the one 
miglit be made lo counteract the '-ffecla of the other ; on 
the same principle as by combining two metals together 
which eipand unequally, we may construct a pendu- 
lum whose length never varies. 

Such a combination is represented in Fig. 268, where 
a convex lena of crown glass is united with a concave 
Icua of flint glass, so as to destroy each t)ie dispersivo 
power of the other, wh ile at the same time the refract- 
ing, or converging power of the convex lens is pre- 
served. A leas of tliia character is called Achro- 
matic,* since It produces images in their natural 

AchromfttJa, from a, Qdt, %bA xpu/m, eoLdr- 
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^whatisBpiieri- * LciiseB are also subject to another imperfec- 
eai abemtioii? j-j^q^ which is Called sphciical aberration. This 

arises from the fact that the curved surface of a lens is at 
unequal distances from the object and from the screen 
which receives the image formed at its focus ; and hence, 
if one point of the image is perfect, another point is less 
BO, owing to a difference in the convergence of the rays 
•coming from the center and the edges of the lens. 

Thi2S, if the image is received on a screen of ground glass, it will be found 
thai when the picture is well defined at the center, it will be indistinct at th& 
edges; but by bringing the lens nearer the screen, the edges of the image 
wiU be more sharply d^Sned, but the middle is indistinct To make the im- 
age peifect, therefore, the marginal portions of the lens should be covered with 
a cirdet of paper, so as to permit those rays only to pass which lie near the 
axis of the lens. This plan, however, impairs the brightness of the image. 

When the image formed by the lens is small^ the effect of spherical aberration 
is scarcely noticed, and by combination of lenses of different refractive powers, 
it may be almost entirely overcome. 

688. The various rays composing solar light 
ofiigbteqaauy aro not all cquallj luminous, that is to say, 

they do not appear to the eye equally brilliant. 
The color most visible to the human eye is yellow. 

The luminous intensity of the different colored rays of light may be ex- 
pressed numerically as follows :— Red, 94; orange, 640; yellow, 1,000; 
green, 480; blue, 170; indigo, 31; violet, 6.* 

689. According to some authorities, white solar light 
consists of only three colors— red, yellow and bhie, which, 
by combining, produce the other four colors, orange, 
green, indigo and violet. 

wiutareBome. ^^^? ycllow, and bluc, are, therefore, some- 
2^j«^^« times called the simple colors. 

Thus, by the union of red and yellow, we may produce 
orange; by ycUow and blue, green; by blue and red, violet; indigo being 
ooDsidered as merely a shade of blue. Red, yellow, and blue, on the contrary, 
can not bo produced by the mingling of any two other colors. 

When blue and yeUow powders are mixed together, blue and yellow rays 
are reflected to the eye from the minute particles, but the two colors are so 

* It -would appear, from nameroos obBerrations, that soldiers are shot doriog battle 
aeoordli^ to Uie oolor of their dress in the following proportion : — red, 12 ; dark green, 7; 
brown, 6; MaUh gray* 5. Sed is therefore the most fatal color, and a light gray tha 
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jningled that the eye only notices the oombmed effect, which Is green. If 19 
now examine the same mixture with a microscope, the blue and yellow yU' 
tides will be seen separately, and the green color will disappear. 

_^ ^ ^ 690. The natural color which an obiect 

why do nat- i ••i. • i 11 

oral objects exQiDits wbcn exposcd to the liffbt, dependfl 

exhibit colors ? * o 7 r 

upon the nature and arrangement of the pa^ 
tides of matter of which it is composed, and is not the re- 
sult of any quality inherent in the object itsel£ 

Bodies which naturally exhibit color have^ by reason of 
a certain peculiar arrangement of their surfaces, or mole- 
cular structure, a greater preference for some qualities of 
light than for others. If the body is not transparent, it 
will reflect certain rays of light from its sur&ce, and ap- 
pear of the color of the light it reflects *, if the body is 
transparent, it will allow only certain rays to pass throagh 
its structure, and will consequently appear of the color of 
the light it transmits. 

Thus a red body appears red because it reflects or transmits the led ray of 
solar light to the eye ; and a yellow body appears yellow because yellow 
light is reflected or transmitted by its sur&ce or structure more powerfiilly 
than light of any other color; and so on through all the colors. 

It is not, however, to be understood that colored bodies reflect or transmit 

only pure rays of one color, and perfectly absorb all others ; on the contrary, 

it has been found that a colored body reflects, in great abundance, those rays 

of light which determine its particular color, and also the other rays which 

make up white light in a greater or less degree, in proportion as they more 

or less resemble its color in the order of their refrangibility. 

__ , . , Some substances have no preference for any one quality of 

Wnen is a boay *^ i. i_ au n 

colorless, when light more than another, but reflect or absorb tnem all 

whin ' black ? '^ equally ; such are called neutral, or colorless bodies. Those 

substances which reflect all the rays of light which fall upon 

them appear white ; those which absorb all the rays appear black. 

In the dark there is no color, because there is no light to be absorbed or 
reflected, and therefore none to be decomposed. 

A glass is called red because it allows the red rays of light to penetrsto 
through a. greater thickness of its substance than the other rays ; but at a cer- 
tain thickness, even the red rays would be absorbed like the rest, and we 
should call the glass black. 

No body, unless self-luminous, can appcr.r of a color not existing in the 
light which it receives. This may be proved by holding a colored body in a 
ray of light which has been refracted by a prism, when the body will appear 
of the color of the ray in which it is placed; for smce it receives but one col- 
ored ray, it can reflect no other. 



1 
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May the color 691. By changing the structure or molecu- 
^i!^^ 1^ lar arrangement of a body, the color which it 
SSScSiL*^ exhibits may be often changed also. 

Illustrations of this principle are frequently seen in chem- 
ical oompoiinda The iodide of mercury is a beautiful scarlet compound, which, 
.when gently heated, becomes a bright yellow, and so remains when undis- 
turbed. I^ however, it is touched, or scratched with a hard substance, as 
with the pcHnt of a pin, its particles turn over, or readjust themselves, and 
resume their original red color. Chameleon mineral is a solid substance pro- 
duced by fusmg manganese with potash ; when dissolved in water, it changes, 
according to the amount of dilution, from green to blue and purple. Indigo 
also^ spread on paper and exposed to heat, becomes red. 

692. Some bodies have the power of reflecting from their 
surfaces one color while they transmit another. 

This is the case with the precious opal. A solution cf quinine in water 
containing a little sulphuric acid, is colorless and transparent to the eye look- 
ing through it, but by looking at it, it appears intensely blue. An oil ob- 
tained in the distillation of resin transmits yellow light, but reflects violet 
Kghtb Smoke reflects blue light, but transmits red light. These phenomena 
result frt)m a peculiar action of the surface or outer layer of the substance 
of the body on some of the rays of light entering it, and have received the 
name of epipolic^ or surface dispersion. 

Deepness of color proceeds from a deficiency, rather than from an abund- 
ttiice of reflected rays: thus, if a body reflects only a few of the red rays, it 
will appear of a dark red color. When a great number of rays are reflected^ 
the color will appear bright and intense. 

If the objects of the material world had been illuminated only with white 
Ught, all the particles of which possessed the same decree of refrangibility, 
and were equally acted upon by all substances, the general appearance of 
nature would have been dull, and all the combinations of external objects, 
and all the features of the human countenance would have exhibited no other 
Tariety than that which they posses in a pencil sketch or India-ink drawing. 

•What are com- ^^^' -^^7 *^^ colors which are able, by com- 
gj^jj^**^ bining, to produce white light, are termei 
complementary colors. 
Each color of the solar ray has its complementary color, 
for if it be not white, it is deficient in certain rays that 
would aid in producing white. And these absent rays 
compose its complementary color. 

The relative poeition of complementary colors in the prismatic spectrum may 
be deiermined as follows t Thus, if we take half the length of a spectrum by 
m pair ofcompannrr, and fix one leg on any color, the other leg will fall upon 
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{fcB oofliptonientaiy cdkir, or upon the one wliidi added to the flnt will {RK 
daoe white light The complemeiitaiy color of red is bhiiBh green; of 
orange is hlae ; of yellow is indigo ; of green is reddish Tioki; of Une v 
orange red; of indigo is orange yeDow; of violet is yellow green; ofUackiB 
white : of white is black. 

Complementary colors may be seen by fixing the eye steacU^ upon vxj 
colored object, such as a wafer npon a sheet of white paper. A ring of vX- 
ored light will play ronnd the wafer, and ^is ring wiU be complflnMtttaiyto 
the c(^or of the wafer. A red wafer wiU gvre a green ring^ a bine waler n 
oraDge-colored ring, and so on. Or i( after having regarded the ooloied wtibt 
Steadily for a few moments^ the eye be dosed, or trnned away, it wiU rdtafi ' 
the impression of the wafer, not in its own, bat in its oompliMiientaiy oolorj 
thos a red wafer will give a green ray, and so on. ^ 

. In like manner, if welook at a red hot fire for a iaW minntes^ oveiy oljeet 
MB we turn away appears tinged with bluish green. 

The art of harmonizing and contrasting colors is infimately connected irith 
the principles of complementary colors. 

How do odiort Every color plaoed beside another color is 
jJ^JJlS^r changed, and appears differently from what it 
does when seen cdone ; it equally modifiei^ 
moreover, the color with which it is in proximity. 

As a general rule, two colors will appear to the best 
advantage when one is complementary to the other. 

Thus, if a dress is composed of clot]^of two colors, the one oomplementaiy 
to the other, as red and green, orange and blue, yellow and violet, they wiH 
mutually heighten the effect of each, and make each portion appear to tN 
best advantage. For this reason, a dress composed of cloths of different 
colors, looks well for^a much longer time, although worn, than one of asin(^ 
color, the character of the fabric being the same in both instances. 

A suit of clothes of one color can be worn to advantage only when it to 
new, because as soon as one portion of the suit loses its freshness fix>m hav* 
ing been worn longer than another, the difference will increase by oontrasfc 
Thus a pair of new black pantaloons worn with a vest of the same color, 
which is old and rusty, will make the tinge of the latter appear more con- 
spicuous, and at the same time the black of the pants will appear more 
brilliant White and other light-colored pantaloons would produce a contraiy 
effect 

In printmg letters on colored paper, the best effect will be produced when 
the color of the paper is complementary to the ink ; blue should be pat iqxia 
orange, and red upon green. 

Stains will be less visible on a dress of different colors than on one com- 
posed of only a single color, since there exists in general a greater ccmtrast 
among the various parts of the first-named dress, than between the stain and 
the ac^aoent part^ and this difference renders the stain less apparaxt to the cja 
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•. In the grouping of flowers in gardens, and in the preparation of bouquets, 
the most pleasing effects will.be produced by placing the blue flowets next 
to the orange, and the violet next to the yellow. White, red, and pink 
flowers are never seen to greater advantage than when surrounded with green 
leaves, or white flowers ; on the other hand, wq should always separate pink 
flowers firom those that are either scarlet or crimson ; orange, from orange- 
yeflow flowers; yellow flowers from greenish-yellow flowers; blue from violet- 
blue, red fit)m orange, pink from violet. 

By gprouping colors together which are not complementary, or which do not 
Tightly contrast with each other, we produce a discordant effect upon the eye^ 
analogous to the discord which is produced upon the ear by instruments out of 
tone. It is always necessary that, if one part of the dress be highly ornamented,. 
or consists of various colors, a portion should be plain, to give repose to the eye. 

Black being the complementary color of white, the effect of black drapery 
upon the color of the skin or &ce is to make it appear pale, or whiter than it 
tLsually is. 

The optical effect of dark and black dresses is to make the figure appear 
smaller ; hence it is a suitable color for stout persons. On the contrary, white 
and light-colored dresses make persons appear larger. Large patterns or de- 
«ign3 upon dress, make the figure appear shorter: longitudinal stripes, if not 
too wide, add to the height of the figure ; horizontal stripes have a contrary 
tendency, and are very ungraceful* 

What is a Rain- 694. The Eainbow is a semicircular band 
^"^^ or arch, composed of the seven different colors, 
generally exhibited upon the clouds during the occurrence 
of rain in sunshine. 

Hcnr is a rain- Thc raiubow is producod by the refraction 
bow produced r g^jj^j reflection of the solar rays in the drops of 

falling rain. 

' * The followinirciirtoas facts are known to persons employed in trade :—^* When a pnr> 
thaser has for a considerable time looked at a yellow- fabric, and is then shown orange or 
leaHet ataflb, he considers them to be amaranth-red, or crimson, for there is a tendency 
hi the eye, excited by yellow, to see violet, whence all the yellow of the scarlet or orange 
doth disappears, and the eye sees red, or red tinged with scarlet. Again, if there are 
ixresented to a bnyer, one after another, fourteen pieces of red cloth, he will consider the 
lack six or seven less beautiful than those first seen, although the pieces be identically the 
Hme. Now what is the cause of this error in judgment? It is that the eyes havinj^ 
m&a leren or eight red pieces in succession, are in the same condition as if they had- 
regarded fixedly during the same period of time a single piece of red cloth; they have 
tfien a tendency to see the complementary color of red, that is to say, green. This tend- 
ency goes, of necessity, to enfeeble the brilliancy of the red of the pieces seen later. In 
•rder that the merchant may not be the sufferer by this failing of the eyes of his cus- 
tomer, he must take care after having shown the latter seven piecrs of red, to present to 
Idm ■ome pieces of green cloth, to restore the eyes to their natural state. If the sight of 
the green be safBciently prolonged to exceed the normal state, the eyes wilt aciquire a 
trndeneyito eee red: Hieii the last serea pieces will appear more heantifU than the 
«then.**.^C%M»v«i on Color, 
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696. BuDbom an also formed wben the aim shines upon drc^ of wrtEt 
blling in quantitjr from fountaioa, water&llE^ paddle-wheels, eta 
wiut ri "^^^ ^° rainbow resulta from the deoompcotioa of the hIu 
inenti proTe Tajs by drops of water, maj be proved h/' tbe following int- 
Hm''^llSrft» P'* eiperimeDt: — If we take a ^an globe filled wiUi irWf, 
droH gf wk- ood suspend It al-a certaiD height in tba eoUt rays abore be 
**'' eye, a spetrtstor itaading with hia back to tbe smi wiUlM 

the refraction and rctlcctioii of red light; ii, then, the globe be kiwend 
^wly, Uie obeener letaimng his positioii, the red light will be iqiLsced 
by orange, and tiiia in ita turn by yellow, and so on, the globe at # 
ferent heights preeentiag to the eye tbe sereo primitive colon in saocemA 
If now, in the place of the globe occupfiog diSbrent poutiona, we nb- 
Btitute drops of water, we have a ready ezplsoation of the phenommutf 
the rainbow. 

Drops of rain, soapended to gnus or boshM, may be freqneatly fnnd tt 
appear to the eye of a bright red; and by aligbtly chaogiog the positioo of Uw 
eye, tbe eoJors of the drop may be made to appear succeeaively yellow, green, 
blae, violet, aod also colorless. This also proTea that rays of l^t, Mingln 
certain directions upon drops of water, are refracted thereby, and decompoKll 
into colored rays that become Tisibls to the eye when it ia aituated in lb* 
proper direction. 

The prinoipleB etO» 
fbratstion of the nm- 
bow may be fiirUiac 
illustrated by Hg.SGS. 
LetABandCbethiM 
drops of rmn ; 8 ii 
S B, and 3 C, thM 
rays of the sun. Tl» 
ray S A, by refraction, 
ia divided into thm 
colors; the bltie aail 
yellow are bent abov« 
the eye, D, and tbs 
red enters it 

The ray, S B, is di- 
vided into three ool- 
ors; tbe blue is bent above the eye, and tbe red falls below tbe eye D, but 
the yellow enters it. 

The ray, S C, ia also divided into three colors. The blue (wbidi 'n 
bent most) enters the eye, and the other two fall below it Tbua the 
eye sees the blue of C, and of all drops in tbe position of C ; the 
yellow of B, and of all drops in the position of B; and the red of A, 
and of all drops in the portion of A. The same may be also inferred 
reepecting the other four colors of the apectrum; and tlms tlw eye aee* 
k rainbow. 
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■''nbciw can be seen only when it rains, 

♦x^ #oint of the heavens which is op- 

d sua. 
^j^^^ ^ .iLiibow ia alwiq^ obaeired to be mtiuted in the 

•^^^•^^ a thii eiiat in tJie afternoon. 

5^^^^J^ ^(Baary fur the production of a rainbow 
^ **Z^ ^oi tLe sun above the horizon should not 
^T^ 'wo degrees. 

~^ fcrally obaerva tliLi phenomenon in the morning, ot towaid 
^ >t ia only in tlie winter, when the son Stands nrj low, that tho 

* jometimB9 seen ut hours af^troaching noon. 

Aa ibD raja of light differ greatlj in reftmgibnitr, onlf a' 

, Kon single and iliU'erent-oolored ray from eadl drop will nach the 
uypUpET- pj,a „f a ^opi„ii,r; hut as In a shower there is a succe ■ 

of drops in . aH positioiiH relatiTe to the e;e. the e;e ii 
I to receive the different-colored isn oin 

refracted at different indina- 
. This Is clearly illusUated in 

310, in which S reiH'egentB 
ol the sun foiling upon huo- 
TS drops, B, O, Y, G, B, I, T ; 
a single colored ray, and a 
Tont one for each drop, will 
1 the eye. As no two spec- 
's c«a occupy exactly the same 
ion, no two can see the same 
- reflected &om the same drop ; 
consequently no two persona see the same ralDbow. 

In the fbrmalion of a rainbow each oolored ray reflectea 
j^i^' tKim the blling drops of rain, emters the eye at a diffbrant indiit- 
ati<m <v on^. But the severst poeitians of tbas« drops, 
h alone are capable of reflecting the same color at t}ie same angl& to 
eye conslitnte a cinde, — and hence the bands of color which make op s 
>ow, appear drcolar. 

I iR prt- Two rainbows are not unfrequently observed 
T^n^ at the same time, the one being exterior to, 
' and less strongly developed than the other, 

3 inner arch, which is the brightest, is called the pri- 
ry how, and the outer, or fainter arch, the secondary 
f. The order of colors in tho inner bow is also tb» n- 
w of that in the outer bow. 
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The inner, Or primoiy ratn^ioiry vrbidi is the 
one ordinarily seen, is formed bj two lefiao- 
tions of the solar ray, and one reflectiuni the 

lay of light entering the drope fku sil 

at the top, and being reflected to 

the eye from the bottouL 

Tbm, in Fig. 271, tho ray S A of the pii- 
mary rainbow strikes the drop at A, is re- 
fracted, or bent to B, the bade fprfc of Ae 
auieraiiriSKseofthedrop; it is then reOectod 
to C, the lower part of die drop^ w^ it is 
fefraoted again, and so bept as to oome di« 
rectly to the eye of the ^MOtalor. 

The secondary, or enter rainbow, 18 produced 
by two refractions of the solar ray,. and two 
reflections, the ray of ligbt entering the drope 
at the bottom, and being reflected to the eye fi^m the iag» 

Thus, m Fi& 273, the n^ 8 B of the no* 
ondaiy bow strilras the bdttom of the ^ 
at B, is refracted to A, is then reflected t» 
C, is again reflected to D, when it is agiis 
refracted or bent, till it reaches the ej9 of 
the spectator. 

The position and formation of the primaif 
and secondary rainbows are represented is 
Fig. 273. Thus, in the formation of the pri- 
mary bow, the ray of light S strilces the drop 
n at O) is refracted to i, reflected to g, and 
leaving the drop at tliis point, is refracted 
to the oyo of tho spectator at 0. In the formation of the secondary bow, 
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•ndtry nln- 
bow formed f 
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the ray S' strikes tho drop p at the bottom at the point i^ is refracted to d, 
reflected to/, and thence to e, and refracted from the top of the drop^ pro* 
ceods to tho oyo of the spectator at 0. 

The reason tho outer bow is paler than the inner is because it is formed by- 
rays which havo undergone a second internal reflection, and after every le* 
flection light becomes weaker. 

Halos are colored rays which are sometime^ 
seen surrounding luminous bodies, especially 
the sun and moon. They are occasioned by the refraction 
and decomposition of light by particles of moisture, or 
crystals of ice floating in the higher regions of the atmos- 
phere, and are never seen when the sky is perfectly clear. 



What are 
• Halos? 
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sductioti oThaloe mav be illustntted experimenUillj, bj cr 
iltB upon plates of gltut^ and looking through the plates at the Bun, 
die. A few diopB of a Bsturated aolution of alum, spread over a 
s to ciystallize quickly, will cover it with an iDipe[fect crust of crjg- 
«l7 Tisible to the eje. Upon looking at a luminous body through 
plate, with the smooth Eide next the eye, three Que baloa will ba 

encircling the source of lighL 

.'t that haloE, or riags roond the moot), are more frequently obsorred 
r halos, is dependent upon the circamstaoco that the Bun'a light is 
w and dazzliog to allow the balo to be recognized. Ualos may be 
moat frequently in the winter b^dsod, and in high northern latitudes. 

tha 696, The bcautifal crimson appearance of 

,J^ the clouds after sunset in the weslern horizon, 

';■* is due in a great measure to the fiict that the 

red raya of the solar light are less refrangible 
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than any of the 
other colored rays, 
and in conse- 
quence of this, 
they are not bent 
out of their course 
BO much as the 
blue and yellow 
rays, and are the 
last to disappear. 
For the same rea-, 
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son they are the first to appear in the morning when the 
sun rises, and impart to the morning clouds red or crim- 
son colors. 

Let UB supposei as in Fig. 274, a ray of light proceeding fix>in the son, S^ 
to enter the eartb^s atmosphere at the point P. The red rays, which com- 
pose in part the solar beam, being the least refrangible, or the Jeast deviated 
from their course, will reach the eye of a spectator at the point A ; while 
the yellow and bine rays^ being refracted to a greater degree^ will readi the 
surface of the earth at the intermediate points B and G. They will, oonse* 
qucntly, be quite invisible from the point A. 

The red and golden appearance of the clouds at morning and eTening is 
also due in part to the fact, that aqueous vapor on the point of being cod* 
densed, only allows the red and yellow rays of light to pass through it For 
this reason, if the sun be viewed through a column of gteam escaping fhxn 
a boiler, it appears of a deep red, or crimson color. The same thing may he 
noticed during a drought in summer, when the air is filled with dry exhala> 
tions. 

What is 697. The irregular brilliancy of the stars, 

Twinkling? known as twinkling, is supposed to be due to 
unequal reflections of light occasioned by inequalities and 
undulations in the atmosphere. 

How is color 698. Light, according to the undnlatoiy 
th?und!i1ato^ theory, is occasioned by the vibrations or un- 
theory of light? julatioHs of a Certain elastic medium diffused 
throughout all space, called Ether. Color, according to 
this theory, depends on the number of vibrations whicb 
are made in a certain time ; those vibrations which are tbe 
most rapid, producing upon the eye the sensation of violet, 
and those which are the slowest, the sensation of red. 

Tho analogy between sound and light, according to tbe 
fa there °^ nndulatory theory, is perfect, even in its minutest circum- 
twecn color and stances. When a certain number of vibrations of a musical 
music ?° chord are caused in a given time, we produce a required 

sound ; as tho vibrations of tho chord vary from a quick to a 
slow rate, we produce sounds sharp or grave. So with light ; if tiie rate at 
which the ray undulates is altered, a different sensation is made upon the 
organs of vision. 

Tho number of aerial vibrations per second required to produce any particu- 
lar note in music has been accurately calculated, and it is also known thai 
the ear is able to detect vibrations producing sound, through a range com- 
mencing with 15, and reaching as far as 48,000 in a second. So also in tho 
case of light, tho frequency of vibrations of tho other required for the produc- 
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tion of anj particular color has been determined, and the length of the waves 
oorreeponding to these vibrations. 

wh*t relation ^he wavcs requisite to produce red are the 
Sto^ w^° largest ; orange comes next ; then yellow, 
S^^s*o?the green, blue, indigo, and violet, succeed each 
iubrent colon? other, the waves of each being less than the 
preceding. The rapidity of vibration is in the same order, 
the waves producing red light vibrating with the least 
rapidity, and the waves producing violet with the greatest 
rapidity. 

To produce red light it is neoeflsary that 40,000 waves or undulations should 
be comprised within the space of a single inch, and that 480 billions of vibra- 
tions should be executed in one second of time ; while, for the production of 
violet, 60,000 waves within an inch, and 720 billions of vibrations per second 
are required.* 

^ 699. As two sets of sound-waves or vibra- 

Gui wares of .. , . , j.« , , 

light be made tious may SO combme as to modify or destroy 

each other, and thus produce partial or total 

silence, so two waves or vibrations of light may be made 

to interfere and produce various colors, or entire darkness. 

* It may perhaps he asked, with something of incredulity, how snch a result could po»> 
ribly have been arriTed at, with any degree of scientific accuracy. The problem, how-> 
ever, is not a difficult one. 

Ib the first place, Newton, by a series of perfectly satisfactorj and beautiful ezperi- 
aenta, ascertained the number of waves or undulations of the different colored rays 
comprised within the space of an inch. 

Let ns now suppose an object of any particular color, a red star, for example, to be 
viewed from a distance. From the star to the eye there proceeds a continuouH line of 
trav«s; these wares enter the pupil, and impinge upon the retina; for each wave which 
tlms strikes the retina, there will be a separate pulsation of that membrane. Its rate of 
palsation, or the number of pulsations which it makes per second, will therefore be known. 
If we ean ascertain how many luminous waves enter the eye per second. 

It has been already shown that light moves at the rate of about 200,000 miles per 
P^ieond ; it follows, that a length of ray amounting to 200,000 miles must enter the pupil 
each second ; the number of times, therefore, per second, which the retina will vibrate, 
vQl be the same as the number of the luminous waves contained in a ray 200,000 miles 
kng. 

Let us take the case of red light In 200,000 miles there are, in round numbers, 
3^,000,000 feet, and therefore 12,000,000,000 inches. In each of these 12,000,000,000 of 
Inches there are 40,000 waves of red light In the whole length of the ray, therefore, there 
tre 480,000,000,000,000 waves. Since this ray, however, enters the eye in one second, 
tad the retina must pulsate onee for each of these waves, we arrive at the astounding 
eondnsioai, that when we behold a red object, the membrane of the «ye trembles at the 
rate of 480,000,000,000,000 of times between every two ticks of a common clock I 

In the same manner, the rate of pulsation of the retina corresponding to other tints of 
Miors is detamined ; and it is found that when violet is perceived, it trembles at the rats 
«f TN,000^0M|MO|MO at times per second.— JDardn«r, 
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ftotr may 4it ^ ^® ®**°^ ** *^® junction of two streams of water, it wiB 
iiiterferenMof be noticed that when the waves from each meet in the same 
^kn^*?"*^ state of vibration, the resulting wave wiU be equal to the two 
combined; if; however, one wave is half an undulation behind 
the other, the crest of one will meet the hollow of the other, and compara- 
tively smtiuth water will be the result. So if two pencil rays of light, radiat- 
ing from iwo points, reach a point of interference at the same degree of ele- 
vation, a Hpot of double the luminous intensity of either will be produced; 
but if one is half a vibration behind the other, the result will be, that a daiir- 
instead of a light spot will be apparent. 

now is color The brilliant tints of soap bubbles, and thia^ 
th2^"iSterfi- plates of different transparent bodies, are ex— 
•nceofught? anjpieg of the interference of light; for tht> 
Undulations reflected from the first surface interfere witlm. 
those reflected from the second, and thus produce th< 
various colors. 

. The varying play of colors exhibited by films of oil on the sur&ce of watera 
and the iridescent appearance of mother-of-pearl, the scales of fishes, and th< 
wings of some insects, are all phenomena resulting from the interference of light 

What i8 double 700. Double refraction is a property whicta- 
reflmction? certain transparent substances possess, of" 
causing a ray of light in passing through them to undergo^ 
two refractions ; that is, the single ray of light is divided, 
into two separate rays. 



riQ. 275. 




Illustrate the 
phenomenon of 
double refrac- 
tion. 



A very common mineral called "Icpland spar," 
which is a crystallized form of carbonate of lime, i3 
a remarkable example of a body possessing double 
refracting properties. It is usually transparent and 
colorless, and its crystals, as shown in Fig. 276, havo 
the geometrical form of a rhomb, or rhomboid ; — ^this 
term being applied to a solid bounded by parallel 
faces, incliaed to each other at an angle of 105°. 
manner in which a crystal of 



The manner m wmcn a 
Iceland spar divides a ray of light in- 
to two separate portions is clearly 
shown in Fig. 276 j in which S T 
represents a ray of light, falling upon a surface of a 
crystal of Iceland spar, A D E C, in a perpendicular di- 
rection. Instead of passing through without any refrac- 
tion, as it would in case it had fallen perpendicularly upon 
the surface of glass, the ray is divided into two separate 
rays, the one, T 0, being in the direction of the original 
ray, and the other, T E, being bent or refracted. The 
first of these rays, or the one which follows the ordinary 
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law of refraction, is called the " ordinary" ray ; the second, which follows a 

different law, is called the " extraordinary" ray. 

^ If we look at a small object, as a 

dot, a letter, or a line, through a 
plate of glass, it appears single ; but 
if a plate of Iceland spar be sub- 
stituted, a double image will be per- 
ceived, as two dots, two letters, two 
lines, etc. This result of double re- 
fraction is represented in Fig. 2*1*1. 
Ciystals of many other substances, 
such as mica, the topaz, gypsum, etc., 

possess the property of double refraction, but not m so remarkable a degree 

as Iceland spar. 

__ ■ ,. In all these crystals, there are one or more directions along 

What arc the j ^ o 

axes of donhle which objects when viewed through them appear single; 
refraction f these directions are termed the lines, or axes of double re- 

fraction. In the case of Iceland spar, there is one axis of doul^le refraction, 
i. CL, one direction along which objects when viewed appear single ; this is in 
the direction of the line A B, Fig. 275, which joins the two obtuse three- 
sided angles. If the summits A and B be ground down and polished, no 
doable refraction will occur in looking through the crystal in this direction. 

To what is the '^^** *^® phenomenon of double refraction is due entirely to 
phenomenon of the molecular structure of the medium through which light 
tton due? ^^ passes, is proved by taking a cube of regularly annealed glass, 
which produces but one refracted ray, and heating it unequally,- 
by subjecting it to pressure: a change is thereby affected in the arrangement 
of its parts, and double refraction takes place. 

whatia noiar- ^01. When a TEy of light has been reflected 
ixedii^tr £^Qjjj Ijjg surface of a body under certain 

special conditions, or transmitted through certain trans- 
parent crystals, it undergoes a remarkable change in its 
properties, so that it is no longer reflected and refracted 
as before. The effect thus produced upon it has been 
called polarization, and the ray or rays of light thus af- 
fected are said to be polarized. 

Tfhat are the The name poles is given in physics in gen- 
poieaofabodff ^j.^^^ ^^ ^^iQ sidcs or euds of any body which 

enjoy, or have acquired any contrary properties. 

Thus, the opposite ends or sides of a magnet have contrary properties, in- 
asmuch as each attracts what the other repels. The opposite ends of an elec- 
tric or galvanic arrangement are, for like reasons, denominated poles. So also 
in the case of Ught, the rays which have been reflected or transmitted under 
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yecnUar oondhioDB are mid to poMM pole% baoiPM tn mum poOktA ^ 
can. be reflected and in others th^ can oot^ and thoao rrnfltifflftB aie at ii|^ 
an^^ to one another. 

Enbd&tbedi*. ^^3. The phenomenon of polarised light was dlaoofvnd in 
•overjandplM- 1808, by Malofl^ a young engineer officer of PariSi On oda 
SSSSTu^t^ oocaoon, as ho was viewing ttiroiigh a doable refracting 
prism of Iceland iqiar the light of the son reflected fiom agtaM 
window in one of the French palaces^ he obsorred some veiy peculiar eAetai 
The whidow aooidentaUy stood open like a door on its hinges at an uof^ of 
'64^, and Mains noticed that the lig^ reflected flnem ihSa aogje waa entMf 
altered in its oharaetdr. 

. Tliis alteration in the character of the light refieotedftom the glass window; 
which was thus first observed by ICalns^ may be made dear by the ftUowiif 
experiment : — Sappose we have a cylinder with a minor at onjs end of ik If 
we point this to the son, and reodvelbe insage on a distant screep, we ma^ 
turn the cylinder round on its axis^ and the reflected rsy wUl be Ibond to rerobs 
constantly with it Bat if now, instead of receiving tbs ray direct fiximtlieiiiD, 
^re allow a beam reflected from a i^aas plate^ at an ang^ of aixMit 64^j to fil 
vpon the minor, and then be reflected on th^ screen, it wiU be foondtiistthe 
point of light will not have the same properties as that preidoosly examhnd; 
it will be altered in its degree of intensity as the cylinder tunis roond; wiU 
have points where it is very bright and others where it will entirely diHp- 
pear. It is thos proved that ligfat n^eoted from glass at an angle of aboot 
649, has undergone some peculiar modification, or, as it has been tenned^ 
has become polarized. 

. Certain minerals, especially those called "tourmalines^" have the prop* 
erty of polarizing a ray of light transmitted through them. 

Fig. 278. If a ray of light be caused to pass through 

a thin plate of tourmaline, as e c^ Fig. 278, 
in the direction of fbe line a b, and be lo- 
ceived upon a second plate, e / placed 
symmetrically with the firsts it passes 
tiirough both without difficulty; but if tho 
second plate be turned a quarter round, as 
in the direction g h^ the light is totally cut off. 

Howisthepoi- According to the undulatoiy theory, the dif- 
SlSt'^e^iatof ference between common and polarized light 
«** may be explained by supposing that in com- 

mon light the vibrations of the ether which produce it 
take place in every possible direction, transverse to the 
path of the ray ; but in polarized light they take place 
in only one direction, or are all in one plane. 

Thus, in the passage of a ray of light through the plate of tourmaline^ 
only one set of vibrations is transmitted, while the others are absorbed. 



1 





THE ANALYSIS OF LIGHT. 343 

The transmitted raj, having all its vibrations in one 
direction, readily passes through a second plate of 
tourmaline, the structural arrangement of which is 
symmetrical with that of the first; but if this ar- 
rangement be altered by turning liie plate partially 
round, the vibrations are intercepted. In the same 
manner a sheet of paper, c d^ Fig. 279, may be slipped 
through a grating, a 6, its plane coinciding with the length of the bars; bul 
can no longer go through when it is turned, as at e/ a quarter round. 

Light is polarized by reflection from many 
lEed bj refled different substances, such as glass, water, ain 
nbataiioes ebony, mother-oi-pearl, surfaces of crystals, 
***"' etc., etc., provided that the light falls at a 
certain angle peculiar to each surface. This angle is 
called the polarizing angle. ^ 

_. . Since the discovery of polarized light, its principles have 

ofthepracdeai been applied to the determination of many practical results, 
pSCiSMTucir/? Thus, it has been found that all reflected light, come from 
whence it may, acquires certain properties which enable us 
to distinguish it from direct light ; and the astronomer, in this way, is en- 
abled to determine with infallible precision whether the light he is gazing on 
(and which may have reqmred hundreds of years to pass from its source to 
the eye), is inherent in the luminous body itself or is derived from some other 
source by reflection. It has been also ascertained by Arago that light pro- 
ceeding frt)m incandescent bodies, as red-hot iron, glass, and liquids, under a 
tertain angle, is polarized light; but that light proceeding, under the same 
drcnmstances, from an inflamed gaseous substance, such as is used in street 
illamination, is always in a natural state, or unpolarized. Applying these 
priaciples to the sun, he discovered that the light-giving substance of this 
luminary was of the nature of a gas, and not a red-hot solid or liquid body. 

In a similar manner the chemist is able to determine, by the manner in 
'which light is reflected or polarized by a crystallized body, whether it has 
been adidterated by the addition of foreign substances. 

What three '^^^' Solar light, iu addition to the lumin* 
g^jj^ *iJ ous principle which produces the phenomena of 
polar lii^t? color and is the cause of vision, contains two 
other principles, viz., heat and actinism, or the chem- 
ical principle. These principles are invisible to the eye, 
and hav« only been discovered by their effects on other 
bodies. 

* The phenomena of polarised light are so ahstrnse, and depend to so great an extent 
on ezpeiimental illnstration for their proper oomprehenaion, that an extended deicrip- 
Hon «f tlieB hiaa elBineatary vork ia impoasible. 
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The oonstitatioii of the solar raymay be compared to a handle of three stido^ 
one of which represents heat, another lights and a third the actinic principle. 

We know that these three prindples exist in eveiy ray of 
]^^ Uut m! ^^ ^g^% because we are able to separate them in a great 
lar light con. degree from each other. Thus the luminous principle passes 
principles r ^^ readily through a transparent plate of alum, but nearly all the 
heat is absorbed. Certain dark-colored bodies, on the ood- 
trsry, allow nearly all tho boat to pass^ but obstruct the light. A blue glass 
o'lstructs nearly all the light and heat of the solar ray, but allows the chem- 
i'cbI principle to pass freely ; while a yeUow glass allows light and heat to 
pass, but obstructs the passage of the chemical influence. 

When we decompose a ray of solar light by 

How are the /» • 11 1 

three princi. iiieans oi a pnsiu, and throw the spectnuo 
ugfat affected upon a screen, the luminous, the calo^c, and 
the actinic radiations will each assume a dif- 
ferent position. All will be refracted by passing through 
the prism, but in diflferent degrees. 

The calorific, or heat radiations will be refracted least, and their maximum 
point will be found but slightly thrown out of the right line which the solar 
ray would have traversed had it not been intercepted by the prism. The 
heat diminislies with much regularity on each side of this line. 

The luminous radiations are subject to a greater degree of refraction ; their 
point of maximum intensity being in the yellow ray, lying considerably above 
the point of greatest heat. The light diminishes on each side of it, producing 
orange, red, and crimson colors below the maximum point, and green, blue, 
and violet above it. 

The radiations which produce chemical nctirn are more refrangible than 
either the calorific or luminous radiations, and the maximum of chemical 
power is found at that point of tho spectrum where light is feeble, and where 
scarcely any heat can be detected. 

The positions in tho spectrum of tho heat and actinic radiations, which are 
invisible to the eye, may be found by experiment. Thus, if we place a deli- 
cate thermometer in tho different rays of the spectrum (§ G86, Fig. 268), it 
will be found that the indigo and violet rays scarcely affect it aU, while tho 
yellow ray, which is the most luminous, is inferior in heating action to tlio 
red ray, which, yielding but little light, possesses the greatest amount of heat 
If now, the thermometer be carried a little below and just out of the red 
ray, into the darkened space, it will exhibit the greatest increase in tempera- 
ture, thus proving tho presence of a heating ray in solar light, independent 
of the luminous ray. In a like manner, by substituting a chemically prepared 
surface, as a piece of photographic paper, for the thermometer, the presence 
of a chemical ray can be proved in the darkened space at the other end of tho 
spectrum, and near to the blue and violet rays. 

704. Those rays of solar light which are less refrangible than any of tha 
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tisible colored rays of the spectrum, have all the properties of radiant heat 

coming from bodies of a lower temperature than 800° F. Such heat is much 

less refrangible than red light; but if the temperature of the radiating body 

be increased, it emits, in addition to the rajs previously emitted, others of a 

hi^er refrangibility, until at last some few of its rays become as refhingible 

as the least refrangible rays of light The body then appears of the same 

color as the least refrangible rays of light, and is said to be red hot. If it 

be heated more, it emits, in addition to the red, still more refrangible rays, 

▼iz., orange; then (at a higher temperature) yellow rays are added, and so 

CO, untH when the body is white hot, it emits all the colors visible to us; 

and in some instances (of very intense heat), even the invisible chemical rays, 

more refrangible than the violet, are emitted, though in less quantity than 

in the solar rays. Thus light appears to be nothing more than visible heat, 

and heat invisible light — ^the constitution of the eye being such that it can 

perceive one and not the other, in the same way as the ear can appreciate 

vibrations of sound more rapid than sixteen per second, but not those which 

are less rapid. 

,^. . 705. The study of the chemical principle contained in the 

Ittct has the rays of solar light has rendered probable the curious fact, that 
^rnica^^Diln? ^^ substance can be exposed to the sun's rays without un- 
dple of light dergoing a chemical change ; and from numerous examples it 
evclved 7 would seem that the changes in the molecular condition of 

bodies which sunlight effects during the daytime, is made up during the 
hours of night, when the action is no longer influencing them. Thus dark- 
ness appears to be essential to the healthy condition of all organized and un- 
organized forms of matter. 

uponwhatdoeB The process of forming Daguerreotype and 
lfph?SgiphiS other photographic pictures, depends solely 
pictares depend? ^jp^j^ ^^^ actinic, or chcmical influence of the 
solar ray. 

The term "photoCTaphy," signifying light drawing, which is the general 
name given to this art, is unfortunate and Ul-chosen, for not only does light 
not exercise any influence in producing the pictures, but it tends to destroy 
them. 

What ih "^® essential steps of the process of forming a Daguerre- 

itial steps otype picture consist in coating a suitable plate of metal with 



nernoim^ some chemical compound easily affected by the action of tho 
solar ray. Such a coating is usually a compound of the ele- 



mentary body Iodine, The plate is then exposed to the imago 
fixmed by the lens of a camera obscura. Relatively, the quantity of light and 
actinism reflected from any object' are the same ; therefore as the light and 
ihadowB of the luminous image vary, so will the power of producing change 
upon the plate vary, and the result will be the production of an image which 
will be a fiuthful copy of nature, with reversed lights and shadows ; the 
lights daikening the plate, While the shadows preserve it white, or unaltered. 

16* 
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If the plate w«re then left without Iktrther oara^ the' imflge tbmied would 
aooQ fiule awaj, and leave no tnioe on ili smftoe. In pnctioei the plate ii 
not expoMd to the mfloeiice ci light aaffloiailiy long to fixm upon He sm^ 
free an image yiaibie to the eye, hot the piotoie ia dereloped, or broogfat oot 
and rendered permanent by expoeore to the "vapor of menxuy. Thii meUl^ 
in a state of veiy fine division, is oondenied upon and adheiea to those pop 
tions of the sorfiioe of the {date which haive been aaktfecML to the Inflonoi 
of the ehemioal acti(»L Where the ahadova are deep^ HnBn ia aoaroei^ a 
trace c^ merooiT-; but where the li{^ are atroQg^ the metallio dost is dss 
posited of oonsidenible thidcnesp. This depoaWon of tnefooix esMntia^f oob» 
pletes and fixes the picture. 

The reason why the vapor of mecony attaohsa iti^only to those portioni 
of the plate which have been aflfooted by the ehemioal inflnenoe of light isDfli 
definitely known: in all {wobabiHty, we have involved the actioii of sevtnl 
fiiices. It is not^ however, neoessary that a snrfiMe should be cfaeinioanypn> 
pared to exhibit these resuUs. A pcdished plate of metal^.a pieee of mM^ 
of glass, or even wood, ^en partially exjj^oaed to the action df lig^ wfflf 
when breathed np<», or presented to the actkin of meromial vapor, showtbat 
a disturbance has been prodaoed upon the portkma whidi w%re iUaminatsd; 
whereas no change can be detected npon the parts kept hi Die daric. 

That the Imninons principle is not neoeasary fitf the saooesB 
mSt* *Sa5r« ^ *^® photographic process, may be proved by the experi- 
that Ugfat is ment of taking a dagnerr e otype in abeohite dartmees. TUs 
S^^the^prodoZ ^^ ^ aocomplished in the following manner t— A large pris- 
tion of a pho- matic Spectrum is thrown upon a lens fitted into one side of a 
6iat?^ ^^ '^ ^^^^ chamber ; and as the actinic power resides in great ac- 
tivity at a point beyond the violet ray, where there is no light, 
the only rays allowed to pass the lens into the chamber are those beyond the 
limit of coloration, and non-luminous ; these are directed upon any object, and 
firom that object radiated upon a highly sensitive photographic sur&ce. In 
this way a picture may be formed by radiations which produce no effect upon 
the eye. 

Whatinfluenoa ^^^' '^^^ ^^ many reasons for supposing that each of the 
ao the three three principles, light, heat, and actinism, included in the solar 
the*'^soiar ray ^^' exercise a distinct and peculiar influence upon vegeta- 
exert on rege- tion. Thus the luminous principle controls the. growth and 
**"**"' coloration of plants, the calorific principle their rip^iing and 

fructification, and the chemical principle the germination of seeds. Seeds 
which ordinarily require ten or twelve days for germination, will germinatQ 
under a blue glass in two or three. The reason of this is, that the blue glass 
permits the chemical principle of light to pass freely, but excludes, in a g^reat 
measure, the heat and the light On the contrary, it is neariy impossible to 
make seeds germinate under a yellow glass, beoause it excludes nearly all 
the chemical influence of the solar ray. 
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SECTION IV. 



THB ITS. AKB THE PHBNOHENA OF VISION. 



If an opening 
be made in thtt 
tide of a lUrk 
chamber bov 
will images of 
external ob- 
Jects b« repre- 
sented f 



707. If we make a small aperture through the shatter of a 
darkened room, the images of external objects will be pic- 
tured indistinctly, and in an inverted position, upon the op- 
posite waU. The reason of this will appear evident fix>m an 
inspection of Fig. 280. It will be seen that the rajrs of light 
diverging from the top and bottom of the object cross each 
other in passing through the aperture, and consequently form an inverted 
imag& This image is rendered more distinct with a small aperture than with 
a largo one, since, in the fii*^ <»s«. the rays which proceed from any particu- 
lar part of the object &11 only upon the corresponding part of the image, and 
are not scattered indiscriminately over the whole picture, as they would be 
if the aperture was larger. 

Fig. 280. 




Describe the ^ ^^ *^® place of the room with an aperture in the shutter, 

oonstraction of we substitute a dark box, with a double-convex lens fitted 

Otacura.*"**'* "^*° ^^^ ^^^^ * picture will be formed on the opposite side of 
the box, or upon a screen placed at the focal distance of the 
lens. This picture will represent, with great beauty and distinctness, whatever 
IS in front of the lens, all the objects having their proper relations of light and 
shadow, and their proper colors. Such an apparatus is called a Camefa^ 
Obscuba. 

Fig. 281 represents the ordinary construction of the camera obscura. It 
consists of a wooden rectangular box, into which the rays of the light penetrate 
through a convex lens placed at the termination of the tube B. These rays, 
if unobstructed, will form an image upon the opposite side of the box 0, but 
if they are received upon a mirror, M, inchned at an angle of 45°, their direc- 
tion is changed, and the image will be formed upon a screen, or plate of 
ground g^ass, N, placed at the top of the box. By placing upon this screen a 
sh^t of tracing paper, the outlines of the image may be readily copied. 




)S, The mechanical arntngement of the 
iJJ "^IS'A ^J^ ''1 ™''° ""'1 *be higher aDimah is the mao 
ohmR* ^ ti,j(t (,f j]jg oaniera obscura, being simply a 

double-convex lens, fitted into one side of a spherical 
chamber, through wliich the ravs of light pass to form an 
inverted picture upon the back of the chamber.' 
wbu ii ih« ^"^ man, the or^ns of vision consist of two 
Sre^ih^™ hollow sphcres, each about an inch in diam- 
in m»n! eter, filled with certain transparent liquids, and 

deposited in cavities of suitable ni^;nitude and form, in 
the u^pe^ part of the front of tho head on each side of 
ibe nose. 

Tho sphere of Iho eye, or the eye-ball, 13 
«Mbi«d" " moved in its socket by muscles attached to 
"omflirooi^ different points of its surface, so that it ia 
rooiieiiit capable of being moved within certain limits 

in every direction. 
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Fig. 383. Tbe ammgeiD^t of tbcso 

niucles ia shown ia Fig, 2S3, 
where the esternal bones tj 
fimple are aupposed to b« 
g removed m order to render 
D visible The moscle, I, 
nuses tbe eyeUd, and is cod> 
BtanUf ID Bctiou wbUe we are 
r> awake During sleep, tha 
muscle being m repose and 
relaxed the eje-lid falls aikd 
protects the eje fli>m the ao> 
ID tiOQ of ligiit. Tbe mitsdo, i, 
turns the eye upward; S, 
downward 6 outward; and 
B correspond ng one on tbe ia- 
Bide not eecQ a tbe figure, 
turns t imtard Nos. 2 and 
10 turn the oje round its aiis. 
« wiwt wta '^^^ "y^ consists eBBentially of four coats, or 
fc» «» <ij« membraDGs, called the Sclerotic coat, the 
Choroid coat, tlie Cornea, and the Retina ; 
and these coats iaclose three transpareDt liquids, called hu- 
mors — the Aqueous humor, tlie Vitreous humor, and the 
Chystalline humor, thu lastof which has the form of a lens. 
Dacribe the The Sclerotlc coat is the external coat of the 
ieitrouo cmt gyg^ ^^^ ^j^^ ^^^ upou which the maintenance 
I'f the form of the eye chiefly depends. 




I strong, tough 
membrane, and to- it tbe 
ungcles which move the 
7e are attached. It cov- 
n about four fifths of the 
'Xtcroal surface of tbe 
7e-ball, leaving, however, 
woclrcnlar openings, ono 0-^ 
■efbro and tho other bo- ^!. @ 
ind tho eye. Its position l-\ ' 
< shown at i, Fig. 283. 
n„, b (h. The ^' 

'^'" Cornea 

i the clear, traas- 
>arent coat which 



Fio. 2S3. 
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forms the froot of the eye-balL It is firmly united to, or 
fixed in the sclerotic coat^ like the glass in the case of a 
watch. 

The Cornea is represented at a, Hg. 283. 

What is the The Choroid coat is a delicate membrane, 
Choroid Coat? jj^^j^g ^^^ ^^^^^ surface of the sclerotic coat, 

and covered on the interior with a black pigment. 

It is represented at A, Fig. 283, 

What i» the The Retina is a delicate, transparent mem- 
^"™' brane which spreads over the chief part of the 
internal surface of the eye-ball, and is situated imme- 
diately within and close to the choroid coat. 

The position of the Retina is shown at m. Fig, 283. 

How is the re- The retina is formed by the expansion of a 
tma formed? ncrvc callcd thc opiic nerve, which proceeds 
from the back of the eye through the bones of the skull 
into the brain, and conveys to the brain the impressions 
made by external objects on the organs of vision. If this 
nerve were divided, notwithstanding the eye might be in 
other respects perfect, the sense of sight would be de- 
stroyed. 

Ko. 11, Fig. 282, and n, Fig. 283, exhibit the relative position of the 
optic nerve. 

What is the I^ looking into the eye from without, we 
Iris? perceive a flat, circular membrane, which, in 

different eyes, is of a black, blue, or gray color. This 
membrane is called the Iris, and divides the eye into two 
very unequal portions. 

The Iris is represented at c d, Fig. 283. 

The Pupil of thc eye is the circular black 

Wliat is th« . . ^ J. r j.\ ' ' J • XT- 

Pupu of the opening in the center oi the iris, and is tb« 
*^^ space through which light is admitted intii 

the interior of the eye. 

The open space between c and d, Fig. 283, represents the pupil. It is, 
properly speaking, the window of the eye, and appears black, only because 
the chamber within and behind it is dark. When a small quantity of light 
enters the eye the pupil widens or expands ; but when a large quantity enterSi 
it closes or contracts. 
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The two parts into which the iris divides the eye are 
^led the anterior and posterior chambers. 
Wh»t are the ^hc anterior chamber, or the space before 
HteSnS Sf. *^^ ^y ^^ ^ed with a fluid resembling pure 
"w>"? water,- and therefore called the aqueous hu- 

toor ; and the posterior chamber, or the space behind the 
iris, is filled with a thick liquid, somewhat resembling tho 
white of an egg, called the vitreous humor. 

In Fig. 283, h e Tepresents the aqueous humor, and h the vitreous humor, 
thi0 last occupying all the interior of the chamber of the eye. 

The crystalline lens is composed of a more solid sub- 
stance than either the aqueous or vitreous humor. It is 
inclosed within a transparent bag, or capsule, having the 
form of a double-convex lens, and is suspended imme- 
diately behind the iris, and between the aqueous and 
vitreous humors. 

Its form and position are represented at/, Fig. 283. 

tow do we by 709. Bays of light proceeding from an ob- 
5S ^?^°pe?- J®^* ^^^ entering the eye, are refracted by the 
^vcoid«%cta? cornea and crystalline lens, and made to con- 
Verge to a focus at the back of the eye, and form an 
image upon the retina. This image, by producing a sen- 
isation upon the optic nerve, conveys in some unknown 
way to the mind a perception and knowledge of the ex- 
ternal object. 

Fig. 284 represents the manner in Fig. 284. 

which the image is formed upon the 
retina in the perfect eye. The curva- 
ture of the cornea, s 8, and of the 
trystalline lens, c c, is just sufficient 
to cause the rays of light proceeding 
from the image, I V, to converge to 
the right focus, m m, upon the retina. 

whendoMdfc- Distinct vision can only take place in the 
ttodhrudontake gyg ^hcu the comea aud crystalline lens have 
such convexities as to bring the rays of light 
proceeding from an object to an exact focus upon the 
retina. 




852 
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Hov is tbe eye 
enabled to aee 
ol^ecta dis- 
tinctly at differ- 
ent distances ? 



What is the 
cause of near- 
sightedness 1 



Fia. 285. 



As the rays of light proceeding fh»m distant objects entei 
the eve at different angles, they will naturally tend to meet 
at diflerent foci after refraction by the crystalline lens, and 
thus form indistinct imagea This is remedied by a power 
which the eye possesses of adapting itself to the direction of 
the light proceeding from various distances, so that in the healthy eye, rays 
coming from near and distant objects are all equally converged to a focus on 
tbe same point of the retina. How the eye effects this is not certainly known, 
but it is supposed to be by increasing or diminishing the sphericity of the 
arystallino lens and cornea. 

A person is said to be near-sighted when 
the curvature of the cornea and cr}'8tallinc 
lens is so great, that the rays of light which 
form the image are brought to a focus before they reach 
the retina, or the back part of the eye. The object, there- 
fore, is not distinctly seen. 

Fig. 285 represents the manner 
in which the imago is formed in 
the eye of a near-sighted person. 
The curvature of the cornea, s 5, 
and of the crystalline lens, c c, is 
so great that the imago is formed 
at m m, in advance of the re- 
tina. 

„ , ^ ' Short-sightedness is remedied either by holding the objed 
How is short- ° , , , , j. !> ^ -, \, ' 

sightcdness nearer to the eye, or by the employment ot spectacles the 

remedied ? glasses of which are concave lenses. In both cases the rays 

proceeding from the object enter the eye with a greater degree of divergence, 

and therefore do not converge so soon to a focus. 

A person is said to be far-sighted when, on 
account of a flattening of the cornea and the 
crystalline lens, the rays of light do not con- 
verge sufficiently to form a distinct image upon the retina. 

Fig. 286, represents the manner 
in which the image is formed in 
the eye, when the cornea or crys- 
talline lens is flattened. The per* 
feet image would be produced at 
m on, behind the retina, and, of 
course, beyond the point necessary 
to secure distinct vision. 
How may long- Long-sightedness may be remedied by the employment of 
Remedied?* ^ spectacles, the glasses of which are convex lenses. These, by 




What is the 
cause of far- 
sightedness ? 



Fig. 28G. 
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increasiDg the oomyergenoe of rajs of light passing throagh them, bring them 
sooner to a focos in the eje^ and thus produce the image upon the right point 
of the retina.* 

Most persons c^ adyanoed age are troubled with long-sightedness, and are 
obliged to use spectadea The reason of this is, that as the physical organi- 
zation of the bod/ becomes enfeebled, the humors of the eye dry up, or 
are absorbed, and in consequence of ihis, the cornea and crystaliiae lens 
shrink and become flattened. 

Beside these defects of the eye, a person may haye the sense of yision 
impaired or destroyed by an injury or disease of the optic nerye, or by a dimi- 
nutioQ of the transparency of the crystalline lens; the first of these cases is 
called amauronSf and is incurable — the second, which is called ccUaracij may 
be cored. 

As tiM iwi^iiu LM ^® images fi»ined by the rays of light upon the retina are 
M tiie retina Inyerted. It may, therefore, be asked why all yisible objects 
SfyS^^t do not appear upside down? The explanation of this curious 
■ee them up- pointy which has formed the subject of much dispute, appears 
■de down ^^ ^ ^j^. ^^ object appears to be inverted only as it is com- 

pared with some other objects which are erect If all objects hold the same 
relatiye position, none can be properly said to be inverted. Now, since all 
the images produced upon the retina hold, with relation to each other, the 
same position, none are inverted with respect to others; and as such images 
alone can be the object of vision, no one object of vision can be inverted with 
respect to any other object of vision ; and, consequently, all being seen in the 
same position, that position is called the erect position. 

710. The optic axis of the eye is a line 
optie axis of drawii perpendicularly through the center of 

the cornea, and center of the eye-ball. 
^3nj^^ The reason why with two eyes we do not see 
JSnt*of »rS! double is, because the' axis of both eyes is 
jeS^doaUef tumcd to occ poiut, and therefore the same 
impression is made on the retina of each eye. 

Hie law of yisbn for visible objects is entirely different from that for points. 
A yiffihle object can not, in all its parts, be seen single at the same instant of 
time, but the two eyes converge their axes to the near and the remote parts of 
it in succession, and thus give an idea of the different distances of its parts. 
Axy defect which will prevent the two eyes from moving together conjointly, 
and firom oonveiging their optic axes upon every point of an object in succes- 
•km, win be &tal to distinct vision. 

* Birds cif prey are enabled to a^as^ their eyes so as to see objects at a great distance, 
mod agfAsk tiMMM vhich are very near. The first is accomplished by means of a muscle in 
the eye, vhieb permits them to flatten the cornea by drairing back the crystalline lens ; 
and to enable fbem to jwreeiTe distinctly very near objects, their eyes are ftimished iritf 
a flezftle bony rim, by vhich the oomea is thrown forward at will, and the eye thaa rei 




'^---^c 



~-4^^ ^ 



The student will bear in mind that an angle is simplj tfat 
•n^e^ofvision! inclination of two lines without any regard to their length. 

Thus, in Fig. 287, the Unes drawn froin A and B, G and D, 
which may be supposed to represent rays of light, meet at the eye, and form 
,an angle at the point of intersection. This augle is the angle of Tiaoii. 

If A B, Fig. 287, represent a man on a distant mountain, or on a chmdi 
steeple, and D a crow dose by, the angle formed by the inclinatioii of i\A 
lines proceeding from the two objects will be equal, or the line A B, which t 
the height of the man, will subtend the same angle as the line C D, whkh is 
the height of the crow; and therefore the man appears at such a distance no 
larger than a crow. 

H ii th ^^ nearer an object is to the eye, the greater moat be lih6 

Angle of visioii inclination of the lines drawn firom its extremities to intcrBec^ 
tt^mf ^ ^^^ ^^^"^ ^^ angle at the eye, and consequently the greater 

win be its angle of vision. On the oontrary,.tb» mora maote 
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Bowina doa- Double TiBion may be jnodaced by pnmo% 
^▼udon be slightly from the side upon the ball of either 
eye while viewing aa object ; the preflsme of 
the finger prevents the ball of one eye from IbUowing the 
motion of the other, and the axis of vision in each eje 
being rendered different, we see two images. 

. Strabismus^ or squintings is oaoaed Igr tho Inability flfooa q^ tD 1^^ 
motions of the other, and pecsons so aflbolod alwaj^ ses 4oaMs| jietttll 
however, gives them power of attending to the ■ensstioa of obJ^ spit qflMi 
time. . ~ - 

It is ftom this inability of the eye to fli its <^tioal axis tint drankKdiM 
double. 

How do wo '^^' ^® J^^^o of *k« distance and siie of 
jadge of tho an object by the relative direction <^ liBN 
■ise of on Ob- drawn from the object to the eye, and by the 
angle which the intersection of these lioei 
makes with the eye. This angle is called the angle of 
vision. 

A 
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an otijeet is from the 070, the le«a will be the iDoUaation of the lines, and tha 
Ibsb the ta^ oC viaion. The nearer an object ii to the e;e, tbereibre, Uu 
laiger it viU appaai. 

Fio. 288. 




nras file trees and boiiaea Gir down 
those near bf, and the siee of a vessel f 
ofdifllsoce, as ia abown hi Fig. 283. The moon, 
uppeara much larger than an; of tba atais 
yeijmach emaUer. 

FiO. 289. 



planets, although t ia, in bet, 




Iiet A B, T\g. 289, represoDt a planet, and C D the moon. The angle of 
vision which the planet A B makes with the eye at G, is evidently leas than 
the angle which the moon subtends at the same point. To a spectator at Q, 
tlierefore, A B, though much Uie larger body, will appear no larger than 
E F; wli^^aa the moon, C D, will appear as large as tbe Une C D. 
When wiu .n "^l^- When an object is bo remote, or 80 
S*^ "S^ Hmall, that lines drawn from ita extremities 
P"*"*' form no appreciable angle at the eye, the obr 

ject appears as a mere speck or point. 
H immn mo '^^^ ^y^> ^"•'i "^ ordinary amount of light, 
toS??"^" **** ^^® "" object which occupies in the field 
of view a space of only the sixtieth of a de- 
gree (or one minute). 

This apace is about the 100th of an inch in acircleof twelve inches diameter, 
the eye brang supposed to be in the center of tbe circle. Now a body smailer 
than tbii at rix inohea ftom the eye, or any thing, however large, placed ao 
&r ftom the eye is to ocoapy in the DfUl of vieirksaqmceUian thi^ia inns' 
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fUe to ordinarf right At Ibor mOw oil; » iiiMi beoooiei lliu iuriri^ 
A pin-beftd near b^ will hide » house on » distant hilL* 

What do m '^IS. When we gay we see an object, ire 
JJ?^*!!^ » mean that the mind is taking cognizance of a 
oiject? picture or image of the object formed on tlie 

retina. The manner in which the sensation is conycyed 
by the optic nerve to the brainj and a knowledge of the 
external object imparted to the mind^ is entLndy no- 
known. 

-r ^ As the lActare, or image on the retina^ is ftnaed on a oont' 

of sight gire paratiyel j flat Bar&ce, the sense of sight can not of itself i^ 
eepSra^l£nDl ^3Kd any imniediato perception of the distance^ sixe, or poritka 
iiM, poritioo, of external objects. Tliis knowledge we, gain by ejqpoMBOi 
*^' derivedfiom continued observation, and from the otlierseaa« 

A yoong child has no conception of distance^ and grasps at the moon aiif 
it were an object immediately within its rea/cAu Persons \>om blind sod » 
stored to sight by surgical operations, although able to see distinctiy, can no* 
properly comprehend any object or prospect before them. ** I see men ti 
trees walking/' said the man bom blind when restored to sight Individaili 
thus situated acquire the correct sense of vision only by degrees, like in&oti. 
and it is by experience that they learn to walk about among the ofcjecta 
around them, without the continual apprehension of strildng themselTes 
against every thing thoy behold. 

What is Per- Perspcctive is the name given to that scienco 
spective? which teachcs how to draw on a plane surface 
true pictures of objects as they appear to the eye from any 
distance and in any position. 

The skill of the artist consists in rightly applying the laws and principles 
of perspective ; and a picture is perfect to the extent in which it agrees with 
our experience of the objects it represents. 

714. Many optical and mental delusions are occasioned 
in estimating the size, figure, and position^of objects, by 

* ** Tho smallest particle of a irhite sntNiteiiee disdngnlshaUe hy the naked eye npaa a 
blade gronndf or of a black sabstance upon a vhite groand, is about the l-400th of an 
inch square. It is possible, by the closest attention, and by the most fayorable direetloa 
of light, to recognise particles that are only 1 -540th of an inch . square, bat witfaont any 
sharpness or certainty. But particles which strongly reflect light may be seen ifben not 
half the size of the least of the foregoing : thns, gold dast of the fineness of l-tl25tli of an 
inch may be discerned by the naked oye in common daylight When partides that ean 
not be distinguished by themselves with the naked eye are placed in a row, they beooma 
visible ; and hence the delicacy of yision is greater for lines than for single partldea. 
Thus, opaque threads of no more than l-4900th of an inch across, or about half the diam- 
eter of the silkworm's fiber, may be disoemed with the naked eye wImb they ace hals 
pBTwrd the light"— i>r. Carpmler. 
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an erroneous application of the experience which in ordi- 
nary cases supplies true and accurate conclusions. 

_ , Thus, to most persons a conflagration at night, however 

Why do we ,. ^ T* ... Tt i *• I-*u- 

mi^udge the distant, appears as il very near. The explanation of this mis- 

fire"*1^ **'th* **^® ^ *^ follows: — Light radiating from a center rapidly 
night t weakens as the distance from the center increases, being, for 

instance, only one fourth part as intense at double the dis- 
tance. The eye learns to make these allowances, and by the clearness and' 
intensity of the light proceeding from the object, judges with considerable ac-* 
curacy of the competitive distance. But a Are at night appears uncommonly.. 
brilliant, and therefore seems near. 

The evening-star rising over a hill-top, appears as if situated directly over 
the top of the eminence. The reason of this also is, that in judging we make 
brightness and clearness to depend on contiguity, as it ordinarUy does ; and 
as the star is bright, we unconsciously think it near us. 
—^ , , In consequence of terrestrial objects being placed in close 

and moon ap- Comparison, the sun and moon appear larger at their rising 
5Smi risi^and *°^ setting than at any other time. This illusion is wholly a 
setting than at mental one, since the organs of vision do not present to us a 
o er times? larger image of the sun or moon in the horizon than when in 
the zenith, or overhead. 

Wh d s th ^® moon, although a sphere, appears to bo a flat surface, 

moon, a sphere, since it is so remote that we are unable to distinguish any 
Stsur&ce^ * diflference between the length of the rays reflected from the 
circumference, and those reflected from the center. 

Thus the rays A D and C D, Fig. 290, appear to be no longer than the ray 
^ -q- B D ; but if all the rays soem 

of the same length, the part B 

Ar -p will not seem to be nearer to 

_JP us than A and C : and there- 

fore the curve ABC will look 
like a flat, or horizontal surface. The rays A D and C D are 240,000 miles 
long. The ray B D is 238,910 miles long. 

What two "^15. In order that the eye may see distinctly, 

i^^fo/dill the picture formed upon the retina must be. 
tinctyision? illuminated to the right degree, and it must 
also remain sufficiently long upon the retina to produce a 
sensation upon the optic nerve. 

The image of an object on the retina may be illuminated too much or too 
litUo to produce a sensible perception of its form. Thus, wo can gain no idea 
of the form of the sun by viewing it in the clear sky, because the degree of 
fllmnination is so great, that the sense of vision is overpowered, just as sounds 
are gometimes so intense as to be deafening. That it is the intense splendor 
alooe which prevents a distinct perception of the sun's figure; is rendered 
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evident by the fact that when a portion of the light is cut off by a oobred 
glass, or a thin cloud, the image of the sun is seen distinctly. On the con* 
trary, wo fail to perceive many stars at night, because the images they pro- 
duce on the retina are too faintiy illuminated to produce sensation. That 
some light from such stars actually enters the eye, is proved by the fact that 
if we placfe a lens before the eye, and collect a greater quantity of their light 
upon the retina, they at once become visible. 

Can the eye ^he eye possesscs a limited power of accom- 
S^l'^mi' modating itself to various degrees of illumi- 
"^^^•^"^ nation. In the dark, the pupil of the eye 
enlarges its opening, and allows a greater number of rays 
to fall upon the retina ; in the light, the pupil contracts 
in proportion to the intensity of the illumination, and 
diminishes the number of rays falling upon the retina. 

.^^ J . This change does not take place instantaneously. "When 

from the light we leave a brilliantly illuminated apartment at night and go 
hato^the^dark, j^^^^ ^j^^ jg^pj^ q^qq^^ ^q are unable for a few moments to see 

difficult at first any thing distinctly. The reason of this is, that the pupil of 
thingT* *°^ ^^® ^y^y which has become contracted in the light, is unable 
to collect sufficient rays from the objects in the dark to see 
them distinctly. In a few moments, however, the pupil dilates, apows more 
rays to pass through its aperture, and we see more distinctly. The reverse 
of this takes place when we go from the dark into the light Cats, owls, and 
some other animals are able to see distinctly in the dark, because they have 
the power of enlarging the pupils of their eyes so as to collect the scattered 
rays of light. 

Every impression made by light remains for a certain length of time on 
the retina of the eye, according to the intensity of its effects, and a measur- 
able period is necessary to produce a sensation. 

-1^ - We are unable, when riding rapidly on a railroad, to count 

prove the con- the posts of an adjoining fence, because the light from each 
tmuance of the p^g^ ^j^jjg ypQjj ^\^q qjq [^ g^^h rapid succession, that the dif- 

retina after the ferent images become confused and blended, and we do not 
appeared ? ^^^' ^^^^^° ^ distinct vision of the particular parts. 

If we rotate a stick, lighted at one end, somewhat rapidly, 
it seems to produce a complete circle of fire ; the reason of this is, that the 
ejo retains the image of any bright object for some little time after the object 
is withdrawn ; and as the light of the stick returns to each particular point of 
its path before the imago previously formed has faded from the retina, it seems 
to form a complete circle of fire. 

,-^ . . This continuance of the impression of external objects on 

dark when we the retina after the light proceeding from them has ceased to 
^^^^ ^ act, is the reason also why we are not sensible of darkness 

when w» wmk. . 
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The apparent motion of certain colored figores in worsted work, known by 
the name of the " dancing mice," is due to the fact that when the surface 
is moved in a particular direction, as from side to side, the impression of the 
ccdor on the retina remains for an appreciable interval after the figures have 
moved, and this gives to them an apparent motion. This effect will not, 
however, take place unless the colors of the figures and the ground- work are 
veiy brilliant and complementary of each other, as red upon a green ground. 

mieniamotion 716. No iQotion is perceptible to the eye 
tfcdS'l^?'* which has a less apparent velocity than one 
degree per minute. 

It is fbr this reason that the motions of the heavenly bodies are invisible, not- 
withstanding their immense velocity. The apparent motion of the sun, moon, 
itnd stars, owing to the revolution of the earth, is one quarter of a degree a 
minute ; but if the earth revolved on its axis in six hours instead of twenty- 
ibor, then the celestial bodies would have a motion of one degree per minute, 
and their movements would be distinctly perceptibla 

For the same reason, the motions of the hands of a clock are not per- 
ceptible to the eye. 

On the contrary, when a body moves with such rapidity from one position 
to another, that its image does not remain long enough upon one point of the 
retina to sufficiently impress it, it becomes invisible. Hence it is that a 
ball dischaiged fix>m a cannon, and passing transversely across the eye, is not 
seen. 

Eow is ftppa. Apparent motion is aflfecled by distance, and 
«SljdMSr°d£ ^^^ motion of a body which is visible at one 
*"®®^ distance may be invisible at another, inasmuch 

as the angular velocity will be increased as the distance is 
diminished. 

Thus, if an object at a distance of SH ^^^ ^om the eye move at the rate 
of a foot per second, it will appear to move at the rate of one degree per 
second, inasmuch as a line one foot long at 51^ feet distance subtends an 
angle of one degree. Now if the eye be removed from such au object to a 
dirtanoe of 115 feet, the apparent motion will be half a degree, or thirty min- 
utes per second ; and if it be removed to thirty times that distance, the ap- 
parent motion will be thirty times slower. Or if, on the other hand, the eyo 
be brought nearer to the object, the apparent motion will bo accelerated in 
exactly the same proportion as the distance of the eyo is diminished. 

A cannon-ball moving at 1,000 miles an hour transversely to the line of 
vision, and at a distance of fifty yards from the eye, will be invisible, since it 
win not remain a sufficient time in any one position to produce perception. 
The moon, however, moving with more than double the velocity of the can- 
non-ball, being at a distance of 240,000 miles, has an apparent motion so alow 
aa to l>a imperoeptlble to the unassisted eye. 
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SECTION T. 



DMaiiba Uw ^^^- "^^ portable dunera obictira, aach aa is anSiuritf 

porikU* cam- naod for photi^raptiic purpoaes, oouaiEta of a pair of tdmK 

" matic double convex leases, Bet in a brui mooutiiig (mm Df 

Fig. 291. £91), into > boz oonsiniDs of tiro pacta^ one of wbUt 

slides witbia the other. The total length at the boiil 

adjusted to suit Uie Sieal "I'-tT-" of the lens. In Iha 

bock of the box, which can be openod, there is a sqon 

piece of ground glass which reoMraa the imagee tt Un 

objects to which the lens is directed, and bjr aliding Uh 

the box in or out, the 



716.291. 




mocsble part < 

ground glass can be brought 
precise tbcus. The interior of the box 
is blackened ail over to exlioguisb 
an/ straj light. 

The appearance of the camera as 
described is r^>resenl«d b; Fig. 292. 
wi«t™8p«. 718. Specta- 
'"'"•' clea coDsist of 
two glass or crystal lenses, 
of stich a character as to 

remedy the defects of vision in imperfect eyes, — mouDted 
in a frame so as to be conveniently supported before the 
eyes. 

,rw ui Spectacles are of two kinds, namely those 

tjo "^" with convex glasses, which magnify objects, 
or bring their images nearer to the eyes ; 
and those with concave glasses, which diminish the ap- 
parent size of objects, or extend the limits of distinct 
vision. 

Some person^ in order k> protect the ojo from exc^ssivo li^t, use blue 
glasses aa spectacles; thcj' arc, however, more mischievous than useful, einca 
tliej absorb differont porta of the spectrum unequally, aod transmit the violet 
and blue mja. 
wh«ii>»Mi- "^1^- -^ Microscope is any instrument which 

croKopo! magnifies the images of minute objects, and 
enables us to see them with greater distinctness. This 
lesult is produced by enlarging tho angle of visiOD under 
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vhicli the object is -seeii — since tbe apparent magnitude 
of every body iocreasea or dimiQisheB with the size of this 
angle. 
Microscopes are of two kinds — simple and compound. 
^ ^ , In the simple microscope, the object und«t 
i«D nrieUM examiuatioQ is viewed directlr. either br a 
Bin)[ile or compound converging lens. 
In the compouod microscope, an optical image of thv 
olgect, produced upon an enlarged scale, is thus viewed. 
Tfae wnple microecope ia ganeraUj a omplo convex Isdb, in (be toeaa at 
, ^ which the object to be examined 

ia placed. LitUe spheres oTgiaaa, 
formed b; melting glaas threada 
m the Same of a candle, form 
yeijpowMftil alcroscopeB. 

Fig. 393 rqmeents tbe mag- 
nlffliig [mnciple of the micTD- 
Boape. An eje at E would sea 
tfae aiTow A. B, under tbe visual 
■Dgia A B B ; but wben the 
lens, F F* ia interpoaed, it ia 
seen under the Timal angle at 
A' E B*, and hence it appears 
V. 

Fio. 29t 




nach enlarf^ 



proved form of mountinj; a simple 
minioacope. A horizontal support, 
tapable of bong elevated or dcprcased 
by meana oT a screw and ratch-work, 
b, BUBttuDS a double-convex lens, A. 
Tbe object to be viewed 19 placed 
npon a piece of glass, C, upon a stand- 
aid, B, immediately below the lens. 
As it ia dedrable that tbe object to 
be magnified should be sironglj 
iUumitiated, a concave mirror of glass, 
U, ia placed at the base of tbe instru- 
ment, inclined at such so ao^e as to 
reflect the rajB of light wbicli iaH 
npou it directlj upon the object. 

wtat „ a» 720. The Com- 
pound Micro- 
scope, in its most 
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iimple form, consists of two lenses, so arraoged tlut 
the aecood lens magnifies the image formed by the fint 
lene, or simple microscope. In this way the im^e of 
the object .is examined by the eye, and not the object 
itaelf. 

The first of these lenses is called the object- 
*""" "'mu gl^sB, or objective, since it is always directed 
•TDKinHderiB- immediately to the object, which is placed 
very near it ; and the latter the eye-glass, or 
eye-piece, inasmuch as the eye of the observer is applied 
to it to view the magnified image of the object. 




Fig. 295 illustraWa the maffnifring pricciple of the compound microscope. 
O represents the ohject-glaaa placed near the object to bo viewed, A B, and 
Q, tliB eye-g!asa placed near the eyo of tlio observer, E. Tho otyect-glaas, 0, 
piGsentaa maguilied and inverted image, a b, of the object at the focus of the 
eye-glass, 6. The image llius formed, by means of Ihe second lens or eye- 
glass, G, is magnified and brouglit to the eye at E, eo as to appear under tbo 
enlai^ed visual angle, A' E B'. Jf we suppose the object-glass, 0, to have a 
magnifying power of 25 — that b, if tiio image a A equals 2S A B, and tho 
eye-glass, G, to have a magnifying power of 4 — tlien the total magniffuig 
power of the microscope will be 4 limes 25, or 100; that is to say, tbo 
image will appear 100 times tho size of the object: 

Pig, 296 represents the most approved form of mounting the lenses 
which compose a compound microscope. Tho tube, A, which contains in 
its upper part the . eye-glass, slides into soother tube, B, in the bottom of 
wbicli the object-glass is fixed; tliis last tube also moves up and down in 
tbe stand, C, and in this way the lenses in tlie tubes may bo adjusted to the 
proper distanco from each other and the object. M is a mirror for refieoting 
light upon the object, and S a support od which the object to be examined 
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721. A Telescope ib any Pi»- 296- 

in strum en t which magni- 
fies and renders visible to the eye the 
images of distant objects. This result 
is effected in the same maDoer as in 
the microacope, viz, by enkrging the 
visual angle under which the objects 
Bie seen. 

B» Bunr Telescopes are of two 
^W* *S kinds, refracting telescopes 
""'' and reflecting telescopes; 

the principle of construction in both 
being the same as that of the com- 
pound microBeope. 

Tfcrth.B^ 722. The Refracting 
b»UBs Td^ Telescope consists essen- 

tially of two convex leases, 
the object-glass and the eye-glasn. 
An inverted image of an object, as a 
Btar, is produced by the object-glass, 
and magnified by the eyeglass. 

Fig, 297 representa the principle oT couEtniction 
of the astronomical lefmcling telescope, ia ao 

otjeot-glasi placed at the end of a tube, whicli pollecta the rays proceeiiiQC 
boto a distant objotrt and Farms an JDvertcd imago or tlio samo nt o o', in Iha 
Ibciu of the eye-glaaa, G. By this tiie image is nugoilied and viewed by tb" 
ere at K 

-Fid. 297, 



■Wbtt u u T23. When a telescope is mounted on an 
IJ^^IJJ', axis inclined to the latitude of a place, so that 
it can follow a star, or planet, in its diurnal 
revolution, by a single motion, it is called an Equato- 
BiAB Telescope:. 

ia generallj moved bj clodc<vorlc, and Ii uoarBtelr 
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couDterbalanced bj an arrang^metit of weighu. A small telaacopa cHDod A* 
finder, is attached near the eye end of the large one ; this ia so adjusted tbal 
wlien the object ia seen tlirongh it, it appears in the field of the brge tete- 
scope, thus saving much trouble in directing the iDBtrument toward ,an; pu- 
ticular otject. 

The moanting and attachments ofui equatorial Isloacope are npreaesled 
bf1g.Z98. 

Pia. M8. 




wii»tii»"9p^ 724, A epy-glass, or terrestrial telescope, 
^'™' differs from an astronomical telescope only in 
an adjustment of lenses, which enables tbe observer to see 
the images of objects erect instead of inverted. This is 
effected by the addition of two lenses placed between tW 
eye and the image. 

The errangeraeiit of the lenses, and the course of the rajs of light, ia ft 
common spy-glass, are represented in Fij;. 299. is the object-glass, and C 
L M the eye-glaascB, placed nt distances from each other equal to double their 
focal length. The progress of the rajs through the object-glass, 0, and the 
Itat^e-^aSs, C ia tbe same ad in the astronomical teleocope, OBdan inveNed 
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fmage is fonned ; bat the seoond lens, L, rereises the image, which is viewed 
therefcMre^ in an erect position by the last eye-glass, M. 

Fig. 299. 




Pig. 300. 




What is the T25. The common opera-glass, also called 
S*^°*o^r^ the Galilean telescope from Galileo, its in- 
*^' ventor, consists of a single convex object-glass 

and a concave eye-glass. 

Fig. 300 represents 
the construction of this 
form of telescope. is 
a single convex object- 
glass, in the focus of 
which an inverted image 

of the object would be naturally formed, were it not for the interposition of 
the double-concave lens^ E. This receiving the converging rays of light, 
causes them to diverge and enter the eye parallel, and form an erect image. 

WiMt is a Re- "^^S. A Keflccting Telescope consists essen- 
jiMJdng Tele- tially of a concave mirror, the image in which 
is magnified by means of a lens. The mirror 
employed in reflecting telescopes is made of "polished 
metal, and is termed a speculum. 

The manner in which the rays of light &lling upon the concave speculum 
of a reflectmg telescope are caused to converge to a focus is clearly shown 
in Fig. 301. The image form^ at this focus is viewed through a double- 
convex lens. 

Fig. sol 




Fig. 302 represents one of the earliest forms of the reflecting telescope, called 
ftom its inventor, Mr. Gregory, the " Gregorian Telescope." It consists of 
a ccmcave metaUio qiecolum, A B, with a hole in its center, and a convex 
eye-glass, E, the whaie being fitted into a tube. An inverted ima^re. nf m\ 
of a distant object is Ibrmed by the speculum, A B \ this ima^ ia a^^ 
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wbich ia magniSed bj 
(he leoa, E, whoa ob- 
served bj the c^^ 



Another form of 
the reflecting tele- 
scope, called the 
Hewtoniao, is rep- 
resented Id Fig. 303. 
It coDsiata of a large 
ooniMTe apeculum, ^ - 
A B, Bet in one end 

of a tabe, and a small plaoe miiTor, C D, placed obliquely to the axis (^ the 
tube. The image of a distant object fbrmed bj the speculum, A B ia reflect- 
ed by the mirror, C D, to a poin^ m' n', oa the side of the tube, and is there 
Tiewed through an eye-glaaa, B. 



FiQ. 3IM. 




Lhi^ reflecting teleaoope^ 
at the present day, are so con- 
structed as to dispense with 
the small mimir. This is ac< 
complished by slightly inclin- 
ing the large cpeculum, ao as 
to throw the im^ie on oua 
is represented in Fig. 304. 
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The largest ttfaect^ ever aonatnicted is that made bj Lord Bone. Thia 
InitniineD^ wbiidi is a reflecting telescope, ia located at Fareonstown, ia 
Ireland. Its external ^ipearance and method of mounting is represented lu 
Fig. 305. The diameter oT tbe speculum is 6 feet, and its weight about 4 tona. 
The tube in wbicb it is placed is of wood hooped niiti iron, 52 feet inlengtli, 
and 7 bet in diameter. It is counterpoised in over? dicectioo, sod mores 
between two walla, 24 fbcC distant, 72 fuet long, and 48 feet high. Tbe ob- 
aerrer stands on a pLatlbnn which liacs or lalla, or at great elevation upon 
sliding gatleiiee which draw oat Qtim Uie wall. 

This telescope commands an imraeaae field of vision, and it is said tliat ob* 
jects as small as 100 Tsids' cube, can be distinctlj observed by it ia tbe moon 
at a distance of S10,000 mQca.* 

whrnttisKisifl '^^- T^^^ Magic Laatem is aa optical in- 
**"'™' stratneut adapted for exhibiting pictures paint- 
ed on glasB in tranBparent colors, on a large scale, b; means 
of m^oifying lenses. 

Fio.3oe. 




It conasta of a metallic box, or laotora, A A', Ilg. 306, coDtaioing a lamp, 
L, behind which is placed a metallic concave mirror, p q. In front of the 
lamp are two lensee, Qied in a tube projectiog from the side of the lanteni, 
one of which, m, is called the illuminator, and the other the mafiiiifier. The 
olg'ccts to be eiMbitsd are painted on thin plates of glass, which are intro- 
duced by a narrow opening in the tube, c d, between the two lenses. Tho 
mirror and the flist len^ m, serve to iUnminaco tbe painting in a high degie^ 
Ihr the lamp bwig placed in their foci, they throw a brilliant ligbt upon >^ 
and the magni^ng lens, R, which can slide in its tube a little backward end 
forward, is pUced in auch a posittoo as to throw t. highly msgnifled Image 3f 
the drawing upon a screen, several Ibet off, the predse Ibcal instance being 
adjusted by diding the lens. Tbe further tbe tautem is withdrawn from the 

* By tbe aU of tiili mtglitir fnstniDHnt, ^'one of Ihd moat *ODd«rfliI eonlribuUona of 
art and ideDa tha irorld bu jH Hen," irbaC aatronaiDav havo before called nebula, od 
■MOiuit of tbelr eload-lfte eppawtee, have been dlHovored to be atan, or aaDe, aiudD. 
gODi, In all probiUUtr. In ennUitatloir, to our on >nn. In tbe canateltotlDiii Andro. 
mada and the nrord-htit of Orion, both of irbkb are TUIbls (0 tha naked sja, Ifaua 
•livdJlke patobaa bava been aean aa elDalara of itare. 
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screen, the larger the image will appear; bat when the distance is coosiderar 
ble the image becomes indistinct. 

What are Di8- '^^8. The beautlful optical combinations 
■oivinginevs? tuowii as DissolviDg Vicws are produced by 
means of two magic lanterns of equal power, so placed as 
to throw pictures of precisely equal magnitude on the 
same part of the same screen. By gradually closing 
the aperture of one lantern and opening that of the other, 
a picture formed by the first may seem to be dissolved 
away and changed into another. 

Thus^ if the^Tjictore piodaced by one lantern represents a day landscape^ 
and the picture produced by the other the same landscape by night, the one 
may be changed into the other so gradually as to imitate with great exactness 
the appearance of approaching night 

What is a Solar ^^^' ^^^ Solar Microscopc is an optical in- 
*"**'***'*^' strument constructed on the principle of the 
magic lantern, but the light which illuminates the object 
is supplied by the sun instead of a lamp. 

This result is effected by admitting the rays of the sun into a daricened 
room, through a lens placed in an aperture in a window shutter, the rays 

being received by a plane mirror fixed ob- 
liquely, outside the shutter, and thrown 
horizontally on the lens. The object is 
placed between this lens and another 
smsdler lens, as in the magic lantern ; and 
Vr|/Qv/4r ^ // th^magnified imago formed is received upon 

i' I tt^..^ // a screen. In Fig. 307, which represents 

ihe construction of the solar microscope, C 
is a plane mirror, A the illuminating lens, 
and B the magnifying lena The objects to 
be magnified are placed between the lenses A and B. In consequence of 
the superior illumination of the object by the rays of the sun, it will bear to 
be magnified much more highly than with the lantern. Hence this form of 
microscope is often employed to represent, on a very enlai^ged scale, various 
minute natural objects, such as animalculse existing in various liquids, crys* 
lallization of various salts, and the structure of vegetable substaucea 



Fig. 307. 




CHAPTER Xy. 

ELECTRICITY. 

whuft is EiM- 730. Electbicitt is one of those subtle 
*rfcityf agents without weight, or form, that appear to 
be diffused through all nature, existing in aU substances 
without affecting their volume or their temperature, or 
giiring finy indication of its presence when in a latent, or 
ordinary state. When, however, it is liberated from this 
repose, it is capable of producing the most sudden an4 
destructive effects, or of exerting powerful influences by 
a quiet and long-continued action. 

HovnuiTeieo. 731. Elcctricity may be excitecf, or called 
^^ be ex- jjj^ activity by mechanical action, by chemical 
action, by heat, and by magnetic influence. 

We do not know any reason why the means above enumerated should de- 
velop electricity from its latent condition, neither do we know whether elec- 
tricity is a material substance, a property of matter, or tlie vibration of an 
ether. The general opinion at the present day is that electricity, like light 
9nd heat is the result of vibrations of an ether pervading all space. 

Bow is eiec 732. The most ordinary and the easiest way 
M^azcAuS^ of exciting electricity is by mechanical action 

— by friction. 
How does eiee- If WO Hib a glass rod, or a piece of sealing- 
IS^^ fri^J wax, or resin, or amber, with a dry woolen, or 
nunifeskitseift gjj^ substauce, thcsc substanccs will imme- 
diately acquire the property of attracting light bodies, 
such OS bits of paper, silk, gold-leaf, balls of i)ith, etc. 

This attractive force is so great, that even at the dis- 
tance of more than a foot, light substances are drawn to- 
ward the attracting body. The cause of this attraction 
is called electricity. 

Tbales, one of the seven wise men of Greece, noticed and recorded the 
fact more than two thousand years ago, that amber when rubbed would at- 

16* 
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tract light bodies ; and the name electricity^ used to designate sodi pheno- 
mena has been derived from the Greek word tiT^KTpovy electron, signifying 
arnber» 

What other ef. ^^ *^® friction of the glass, wax, amber, etc., 
SJSiSSlrenil is vigorous, small streams of light will be seen, 
dSctridty^^^lSf a crackling noise heard, and sometimes a re- 
friction? markable odor will be perceived, 

whenisahody 733. When, by friction or other means, elec- 
jwto^be eiec- ^rjcity is developed in a body, it is said to be 

electrified, or electrically excited. 
What is electric The tcudcncy whiljh an electrified body has 

attrac on ^^ move toward other bodies, or of other bodies 
toward it, is ascribed to a force called electric attraction. 
whatiiiiectric Every electrified body, in addition to its at- 

repuidonr tractive force, manifests also a repulsive force. 
This is proved by the fact that light sidbstances, after 
touching an electrified body, recede from it just as actively 
as they approached it before contact. Such action is as- 
cribed to a force called electric repulsion. 

„ ^^ Thus, if we take a dry glass rod, rub it well 

* with silk, and present it to a light pith ball, or 

feather, P, suspended from a support by a silk 
thread, the ball or feather will be attracted to- 
ward the glass, as seen at G, Fig. 308. After it 
has adhered to it a moment, it will fly off, or bo 
repelled, as P' from G'. 

The same thing will happen if sealing-wax bo 
rubbed with dry flannel, and a hke experiment 
made ; but with this remarkable difference, that 
vrhen the glass repels the ball, the sealing-wax attracts it, ^q ^q^ 
and when the wax repels, the glass will attract. Thus if we 
suspend a light pith ball, or feather, by a silk thread, as in 
Fig. 309, and present a stick of excited sealing-wax, S, on 
one side, and a tube of excited glass, G, on the other, the ball 
will commence vibrating like a pendulum from one to the 
other, being alternately attracted and repelled by each, the 
one attracting when the other repels; hence we conclude 
that the electricities excited in the glass and wax are different. 

734. As the electricity developed by the 

than one kind frictiou of glass and other like substances is 

^ essentially different from that developed by 
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the friction of resin, wax, etc., it has heen inferred that 
there are two kinds or states of electricity — the one called 
vitreous, because especially developed on glass, and the 
other resinous, because first noticed on resinous sub- 
stances. 

wh*k is the The fundamental law which governs the re* 
^JJJJ*\'jf lation of these two electricities to each other, 
^i2dSnf*°* and which constitutes the basis of this depart- 
ment of physical science, may be expressed as 
follows : — 

Like electricities repel each other, unlike electricities 
attract each other. 

Thus, if two substances are charged with vitreous electricity, they repel 
each other; two substances charged with resinous electricity also repel each 
other ; but if one is charged with vitreous, and the other with resinous elec- 
tricity, they attract each other. 

whenisabody *^^- Whcu a body holds its own natural 
non^ectrified r quantity of electricity undisturbed, it is said 
to be non-electrified. 

When an electrified body touches one that 
waed body is nou-electrificd, the electricity contained in 
non-electrified, the formcr is transferred in part to the latten 

▼hat occurs ? 

Thus, on touching the end of a suspended silk thread with a 

piece of excited wax or glass, electricity will pass from the wax or glass into 

the silk, and render it electrified; and the silk will exhibit the effects of the 

electricity imparted to it, by moving toward any object that may bo placed 

near it. 

736. Two theories, based upon the phenom- 
odes have been ena of attraction and repulsion, have been 
wSnt for eiec formed to account for the nature and origin of 

" electricity. These two theories are known as 

the theory of two fluids, and the theory of the single fluid; 
or the theory of Da Fay, an eminent French electrician, 
and the theory of Dr. Franklin. 

737. The theory of two fluids, or the theory 
uiepry of two of Du Fay, supposcs that all bodies, in their 

natural state, are pervaded by an exceedingly 
thin subtle fluid, which is composed of two constituents, 
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or elements, viz., the vitreous and the- resinous electrici- 
ties. Each kind is supposed to repel its own particles, bat 
attract the particles of the other kind. 

VHien these two fluids pervade a body in equal quantities, they neutralize 
each other in virtue, of their mutual attraction, and remain in repose; but 
when a body contains more of one than of the other, it exhibits yitreooa or 
nsinous electricity, as the case may be. 

738. The theory of a single fluid, or the 
tbeory of » thcory propoundcd by Dr. Franklin, supposes 
the existence of a single subtile fluid, without 
weight, equally distributed throughout nature ; every sub-, 
stance being so constituted as to retain a certain quantity, 
which is necessary to its physical condition. 

' When a substance pervaded by this single fluid is in its natural state or 
omdition, it offers no evidence of the presence of electricity; but when its 
natural condition is disturbed it appears electrified. The difference between 
the electricity developed by glass and that by resin is •explained by this 
theory, by supposing electrcal excits^tion to arise from the difference in the 
relative quantities of this principle existing in the body rubbed and the rub- 
ber, or in their powers of receiving and retaining electricity. Thus one body 
becomes overcharged by having abstracted this principle from the other. 

whatarepori- ^39. Tho two different conditions of electric- 
ttve*e?ec"t^' ^^Jy which wcrc Called by Dn Fay vitreous and 
^^^ resinous electricities, were designated by Dr. 

Franklin as positive and negative, or plus and minus. 
Thus a body which has an overplus of electricity is called 
positive, and one that has less than its natural quantity 
is called negative. 

The theory of a single fluid has, until quite recently, been generally adopted 
by scientific men, and tho terms positive and negative electricities are uni- 
versally used in the place of vitreous and resinous. Within the last few 
yars, however, some discoveries have been made which seem to indicate 
that the theory of two fluids is the one which approaches nearest to the truth. 
What is Pro- ^^ addition to these two theories respecting the nature of 
feasor Fara- electricity, another has been proposed by Professor Faraday, 
erectridty7*'^ of England. He considers electricity to be an attribute, or 
quality of matter, like what we conceive of the attraction of 
gravitation.* 

• It is not easy to perfectly explain to a beginner the view which has been takra by 
Professor Faraday (who is at present the highest recognized authority on this subject) re- 
•pecting the nature of electricity. The following statement, as given by a late writer 
(^tobert Hunt), may be suffidently comprehensive and clear : " Every atom of matter is 
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74D. Light) heat) and electricity appear to hare some prop- 
connection be- erties in common, and each maj be made, under certain cir- 
tween ^^jj* cumstanoes, to produce or excite the other. All are so light, 
tridtf? subtle, and diflEusive, that it lias been found impossible to recog- 

nize in them the ordinary characteristics of matter. Some sup- 
pose that light) heat, and electricity are all modifications of a common principle. 
__ . ^. 741. Electricity exists in, or may bo excited in all bodies. 

electrical di- There are no exceptions to this rule, but electricity is de- 
^^JJ^j '^ reloped in some bodies with great ease, and in others with 
great difiOculty. All substances, therefore, have been divided 
into two classes, viz., Electrics, or those which can be easily excited, and 
Non-electrics, or those which are excited with difficulty. Such a division is, 
however, of little practical value in science, and at present is not generally 
recognized. 

There is no certain test which will enable us to determine, previous to ex- 
periment, which of two bodies submitted to friction will produce positive, and 
which negative electricity. Of all known substances, a cat's fur is the most 
BOflceptible of positive, and sulphur of negative electricity. Between these 
extreme substancep others might be so arranged, that any substance in the 
list being rubbed upon any other, that which holds the highest place will be 
positively electrified, and that which holds the lower place negatively elec- 
trified. For instance, smooth glass becomes positively electrified when rub- 
bed with silk or flannel, but negatively electrified when excited by tlie back 
of a living cat. Sealing-wax becomes positive when rubbed with the metals, 
but negative by any thing else. 

Can one eiec- I^ ^0 casG caii electricity of one kind be 
S^wfthSJi excited without ectting free a corresponding 
■omng free the amouot of clectricity of the other kind ; hence, 
when electricity is excited by friction, the rub- 
ber always exhibits the one, and the electric, or body 
rubbed, the other. 

What are eon- 742. Bodics differ greatly in the freedom 
nSS^dnctore ^^^^ which they allow electricity to pass over 
ofeieotrieityf ^j, through thom. Thosc substauccs which 

rq(mrded as existing by virtno of certain properties or powers, these beinpf merely pecu' 
liar affectiona, which may be regarded as being of a similar nature to vibrations. It is 
unimed that the electric state is but a mode or form of one of these affections. One par- 
Ude of matter, having received this form of disturbance, communicates it to all contigu- 
ous particles — ^thatis, those which are next to it, although not in contact— and this com- 
munication of force takes place more or less readily, the communicating particles assuming 
a polarized state—which may be explained as a state presenting two dissimilar extremities. 
When the oommnnication is slow, the polarized state is highest, and the body is said to 
be an insulator: insulation being the result. If the particles communicate their condition 
readily, they are termed conductors : conduction is the result. The phenomena of in. 
dnetion, or the prodaction of like effects iu contiguous bodies, is, therefore, according tr 
this view, hot something analogous to the communication of tsemors, or vibrations.** 
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facilitate its passage are called condnctors ; those tliat re- 
tard, or almost prevent it, are called noa-conductors. 

No substance can entirely prevent the passage of electricity, nor is. there 
any which does not oppose some resistance to its passage. y 

What Bu^. Of all bodies, the metals are the most per- 
SS^ctore^f f*^c* conductors of electricity ; charcoal, the 
electricity r earth, water, moist air, most liquids, except 
oils, and the human body, are also good conductors of 
electricity. 

What is the "^^^^ The velocity with which electricity 
tridty^**^^^' passes through good conductors is so great, 
that the most rapid motion produced by art 
appears to be actual rest when compared to it. Some 
authorities have estimated that electricity will pass 
through copper wire at the rate of two hundred and 
eighty-eight thousand miles in a second of time — a ve- 
locity greater than that of light. The results obtained, 
however, by the United States Coast Survey, with iron 
wire, show a velocity of from 15,000 to 20,000 miles per 
second. 

What snb- Gum shcUac and gutta percha are the most 

cSctorr^o"" perfect non-conductors of electricity ; sulphur, 
electricity? sealing- wax, resin, and all resinous bodies, 
glass, silk, feathers, hair, dry wool, dry air, and baked 
wood are also non-conductors. 

Electricity always passes by preference over the best 
conductors. 

Thus, if a metallic chain or wire is held in the hand, one end touching the 
ground and the other brought into contact with an electrified body, no part 
of the electricity wUl pass into the hand, the chain being a better conductor 
than the flesh of the hand. But if, while one end of the chain is in contaok 
with the conductor, the other be separated from the ground, then the electricity 
will pass into the hand, and will be rendered sensible by a convulsive shock. 

WTienisa body 744. When a conductor of electricity is sur- 
rounded on all sides by non-conducting sub- 
stances, it is said to be insulated; and the Don-conducting 
Bubstances which surround it are called insvlators. 
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^whenfaabody When a conducting body is insulated^ it 
Siged** wiS retains upon its surface the electricity com- 
electricity? municatcd to it, and in this condition it is 
said to. he charged with electricity. 

A conductor of electricity can only remain electric as long as it* is insulated, 
that is, surrounded by perfect non-conductors. The air is an insulator, since, 
if it were not so, electricity would be instantly withdrawn by the atmosphere 
from electrified substances. Water and steam are good conductors, cons(> 
quently, when the atmosphere is damp, the electricity will soon be losti 
which, in a dry condition of the air, would have adhered to an insulated con- 
ductor for a long period of time. 

Thus a globe of metal supported on a glass pillar, or suspended by a silken 
cord, said charged with electricity, will retain the charge. If, on the con- 
trary, it were supported on a metallic pillar, or suspended by a metallic wire, 
the electricity would immediately pass away over the metallic surface and 
escape. 

In the experiments made with the pith balls (§ 733, Fig. 308), the silk 
thread by which they were suspended acts as an insulator, and the electricity 
with which they become charged is not able to escape. 

, ^-, 745. When electricity is communicated to 

Does elecirid- . . *' . 

tf acciimaiate a conductinff bodv it resides merely upon the 

npon the sur- i i , , 

fiMMs or the in- suriHce, and does not penetrate to any depth 

■ono* Oi DOIU68 r • « • 

within. 

_ . - Thus, if a solid globe of metal suspended by a 

silken thread, or supported upon an insulated 



' glass pillar, be highly electrified, and two thin 



^•^^ 



I' 

P hollow caps of tin-foil or gilt paper, furnished 

^H|kHk with insulating handles, as is represented in 

^M9j^^^ Fig. 310, be applied to it, and then withdrawn, 

it will be found that the electricity has been 
completely taken off the sphere by means of the caps. 

An insulated hollow ball, however thin its substance, will contain a charge 
of electricity equal to that of a solid ball of the same size, all the electricity in 
both cases being distributed upon the surface alone. 

In the case of a spherical body charged with electricitj; 
form of » body t^® distribution is equal all over the surface ; but when tliO 
tnflnenoe Its body to which the electricity is communicated is larger in ono 
dition f direction than the other, the electricity is chiefly found at its 

longer extremities, and the quantity at any point of its sur- 
&oe is proportional to its distance from the center. 

The shape of a body also exercises great influence in retaining electricity : 
it is more easily retained by a sphere than by a spheroid or cylinder; but it 
readily escapes from a point, and a pointed object also receives it with the 
greatest fecOity. 
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What it the ^^* "^^^ earth is considered as the great 
Sdi^S'^r' general reservoir of electricity. 

When by means of a oonducting sabstance a commimi- 
cation is established between a bodj containing an excess of electricitj and 
the ^ui;h, the body ^ill immediately lose its surplus quantity, which passes 
into the earth and is lo»t by diffusion. 

What is ciec ^47. When a body charged with electricity 
trkaiindacaonr ^f qj^q ^j^^ jg brought into proximity with 

other bodies, it is able to induce or excite in them, with- 
out coming in contact, an opposite electrical condition. 
This phenomenon is called Electrical Induction. 

fi hd th '^^ effect arises from the general law of electrical attract 

phenomena of tion and repulsion. A body in its natural condition oontaina 
iDdactioo. equal quantities of positive and negative electricities, and when 

this is the case, the two neutralize each other, and remain in a state of eqcdlb 
brium. But when a body charged with electricity is brought into proziniity 
with a neutral body, disturbance immediately ensues. The electrified body, 
by its attractive and repulsive influence, separates the two electricities of thf 
neutral body, repelling the one of the same kind as itself and attracting the 
other, which is unlike, or opposite. Thus, if a body electrified positively b4 
brought near a neutral body, the positive electricity of the neutral body will 
be repelled to the most remote part of its sur&ce, but the negative electricity 
will be attracted to the side which is nearest the disturbing body. Between 
these two regions a neutral line will separate those points of the body over 
which the two opposite fluids are respectively distributed. 

j,j^ 3^^ Let C A D, Fig. 311, be a metallic 

cylinder placed upon an insulating 
support, with two pith balls sus- 
j ^ pended at one end, as at D. If 

I I /"fP now an electrified body, E, be 

brought near to one end of the cyl^ 
inder, the baUs at the other ex- 
tremity will immediately diverge 




c 




r :^ fi-om one another, showing the pres- 



ence of firee electricity. This does 
not arise from a transfer of any of 
ttiQ electric, fluid from E to C, for upon withdrawing the electrified body, 
E, the balls will fall together, and appear unelectrified as before ; but the 
electricity in E decomposes by its proximity the combination of the two 
electricities in the cylinder, CAB, attracting the kind opposite to itself 
toward the end nearest to it, and repelling the same kind to the further 
end. The middle part of the cylinder. A, which intervenes between the 
two extremities, will remain neutral, and exhibit either positive nor negative 
electricity. 
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Fio. 312. If three cylinders are 

placed in a row, touching 
one another, as in Fig. 312, 
and a positively electrified 
body, E, be brought in 
proximity to one extremity, 
the electricities of the cyl- 
inders will be decomposed, 
the negatiTe being aocamnlated in N, and the positive repelled to P. If in 
this conditioii the cylinder P be first removed, and then the electrified body, 
the separate electricities wHl not be able to unite, as in the former experi- 
menty but N wHl remain negatively, and P positively electrified. 

Exptoin 'the These experiments explain why an electrified 
JJJjyjJ^ surface attracts a neutral, or unelectrified body, 
^SJ^^^_ such as a pith balL It is not that electricity 
dMtrifiedbody. causcs attractions between excited and unex- 
cited bodies, the same as between bodies oppositely ex- 
cited ; but that the pith ball is first rendered opposite by 
induction, and attracted in consequence of this opposition. 
A pith ball at a few inches distance from an electrified 
Burfoce, is charged with electricity by induction ; and the 
kind being contrary to that of the surface, attraction en- 
sues ; when the two touch, they become of the same kind 
by conduction. 

A person may also receive an electric shock by induction. Thus, if a per- 
son stand close to a large conductor strongly charged with electricity, he 
win be sensible of a shock when this conductor is suddenly discharged. 
This shock is produced by the sudden recomposition of the fluids in the 
body of the person, decomposed by the previous inductive action of the 
conductor. 

748. An electrical machine is an apparatus, 
by means of which electricity is developed and 
accumulated, in a convenient manner for the 

purposes of experiment. 

All electrical machines consist of three 
principal parts, the rubber, the body on 
whose surface the electric fluid is evolved, 
and one or more insulated conductors, to 

which this electricity is transferred, and on which it is 

accumulated. 



Wha* to 
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Of what 
tial parts does 
an eleetrleal 
maehiiM eon- 
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two Tmrletlei 



Electrical machines are of two kiods, the 
plate and cylinder machines. They derive 
their names from the shape of the glass em- 
ployed to yield the electricity. 



FlQ. 313. 




The plate electrical macbiue, whidi ii 
represented io Fig. 313, cooBista d » 
large circolar plate d gUas nxniDbid 
upon a metallic axis, and supported up- 
on jriQara llxed to a seonre base, so Out 
the plate can, bj means of a luuidk^ <t^ 
be turned witli ease. Upob tbe sop- 
porta of Uw glas^ and fixed 'so as to 
preaa easily bat umioRnl/ on the plat^ 
are fbor rubbers, marked r r r r in tbe 
figure; and flaps ofidllc, ((.(nledonoM 
Bide, are attached to these, and secored 
to fixed Ei^)ports bj sereral mik cords. 
When the machine is pnt in motioo, 
these fiape of sUic are drawn ti^tlj 
against the glass, and tbiuthe fiicti<Ri Is 
increased, and electricity exdted. Ths 

points pp collect tbe electrirat; from the ^ass as it revolves, and convef It to 

the prime conductor, c, which ib insulated and supported bj the glaas rod, f. 
The cylinder electrical niiichine represented by 

Fig. 314, conuslaof aglass cylinder, bo arranged 

that it can be turned on ita axis by a crank, ai 

supported by two uprights of wood, dried and 

varnished. F S indicales the position and ar- 
rangement of the rubber and ailk, and T that < 

of the prime conductor. The principle of the cc 

atruction of the cylinder machine is, in every 

respect, the same as tliat of tlie plale machine 

Wh«t Ii tha '^^'' rubber of an eleclrical m 

th"'''^hh^™ "' chineconsists of a cushion stuffi 
with hair, and covered with 

leather, or some substance which readily generates electricity by fiiotioii.' 

The efficiency of tbe machine is greatly increased by ooveriog tha cuafaioa 

with an amalgam, or mixture of mercury, tin, and zinc.* 

In the ordinary workii^ of the machine, the rubber is connected by a chain 

with the ground, from whence the supply of electricity is derived. 
' The belt eompoallion at tbe inialgsm Is two psrts, b; weight, or rinc. one of ttn. uiJ 
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What is the '^^ reoeiyer of electricity from an electrical machine is 
ooodactor of Called the prime conductor. It usually consists of a thin hi^sa 
Stchi^B?*'**** cylinder, or a brass rod, mounted on a glass pillar, or some 
other insulating material. 

To put the electrical machine in good order, every part must be dry and 
dean, because dust or moisture would, by their conducting power, diffuse the 
electric fluid as fast as accumulated. As a general rule, it is highly essential 
that the atmosphere should be in a dry state when electrical experiments are 
made, as the conducting property of moist air prevents the collection of a sui^ 
fident amount of electricity for the production of striking effects. In tl.e 
winter, the experiments succeed best when performed in the vicinity of a 
fire; and it is advisable to place tho apparatus in front of the fire for some 
time before it is employed. 

_. th Electricity is developed by the action of an electrical ma- 

metbod in chine in essentially tho same manner as it is in a simple glass 
trio? *° ifr^ *^^ ^^ friction. When tho glass cylinder or plate is turned 
develops elec- round by the handle, the friction between the glass and tho 
*'*^' rubber excites electricity; positive electricity being developed 

upon the glass, and negative upon the rubber. When the points of the prime 
conductor are presented to the revolving glass plate or cylinder, the positive 
electricity is immediately transferred to it,*and it emits sparks to any conduct- 
ing substance brought near. The electricity thus abundantly excited is sup- 
plied from the earth to the rubber (by means of a chain extending to the 
ground), and the rubber is continually having its supply drawn from it by the 
force called into action by friction with the glass. That the electricity is de- 
rived fix)m this soured is evident from the fact that but a small quantity of 
electricity can be excited when the metallic connection between tho rubber 
and the ground is removed. For this reason the chain must always be 
attached to the rubber when it is desired to develop positive electricity, and 
to the prime conductor when negative electricity is required. 

According to the theory of a single fluid, the excitement of electricity is as 
follows : — ^the friction of the glass and silk, by disturbing the electrical equi- 
librium deprives the rubber of its natural quantity of electricity, and it is 
therefore left; ui a negative state, unless a fresh quantity be continually drawn 
from the. earth to supply its place Tlio surplus quantity is collected on the 
prime conductor, which thereby becomes charged with positive electricit}'-. 
On the hypothesis of two electric fluids, the same frictional action causes 
the separation of the vitreous from the resinous electricity in the rubber, which 
therefore remains resinously charged, unless there be a connection with the 
earth to restore the proportion of vitreous electricity of which the rubber has 
been deprived. 

Various other arrangements have been devised for the pro- 
b^r^bToKd duction and accumulation of electricity. High-pressure steam 
M an eleetrieal escaping from a steam-boiler carries with it minute particles 
*** of water, and the friction of these against the surface of the 

jet from which the steam issues produces electricity in great abundance. A 
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steam-boiler, properly arranged and insulated, therefore constitutes a most 

powerful electrical machine ; and by means of an apparatus of this chuacter, 

constructed some time since in London, flashes of electricity were caused to 

emanate from the prime conductor more than 22 inches in length. 

749. The Insulating Stool which is a usual -c,^ ^.^ 
What ia an In- , ^ i /^- i u- • * r JFlG. 316. 

tolating Stool? appendage to an electrical machme, consists of 

a board of hard-baked wood, supported on y/" 

glass legs covered with varnish. (See Fig. 315.) It is usefiil for ^^ 

insulating any body charged with electricity ; and a person 

standing upon such a stool, and in communication with a 

prime conductor, will become charged with electricity. 

,„ Dischanring Rods are brass FiG. 316. 

What are Dls- j * . 5 ..u u n 

charging Bods? ^ds termmatmg with balls, or 

with points, fixed to glass handles. 

"With these rods electricity may be taken from a 

conductor without allowing the electrical charge 

to pass through the body of the operator. Their 

construction is represented in Fig. 316. 
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What is an 
Electrophrus? 



An instrument called the "UniveTsah 
Discharger," used to convey strong 
charges of electricity through various 
substances, is represented by Fig. 317. 
It consists of two glass standards, 
through the top of which two metallic 
wires slide freely; these wires are 
pointed at the end, /, but have balls 
screwed upon them ; the other ends are furnished with rings. The balls rest 
on a table of boxwood, into which a slip of ivory, or thick glass, is inlaid. 
Sometimes a press, ^', is substituted for the table, between which any sub- 
stance necessary to be pressed, during the discharge, is held firm. 

750. An Electrophorus is a simple appara- 
tus, in which a small charge of electricity may 
be generated by induction ; and this, communicated suc- 
cessively to an insulated conductor, may produce a charge 
of indefinite amount. 

It consists of a circular cake of resin (shell-lac), r. Fig. 318, 
action of the laid upon a metallic plate ; upon this cake, the surface of which 
electrophorus. j^^ j^g^jj negatively electrified by rubbing it with dry silk or fur, 

is placed a metallic cover, M, somewhat smaller in diam- 
etcr, and furnished with a glass insulating handle, K, 
The negative electricity of the resin, by acting induc- 
tively upon the two electricities combined in the cover, 
separates them — the positive being attracted to the 
under surface, and the negative repelled to the upper, 
on touching the cover with the finger, all the negative 



Fig. 318. 
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dectricity will escape, and the positive electricity alone remains, wbich is 
oombiced with the negative electricity of the cake of resin, so long as the 
cover id in contact with it. If we now remove the cover by its insulating 
handle, the positive electricity, which was before held at the lower part of 
(he cover by the inductive action of the resin, will become free, and may be 
imparted to any insulated conductor adapted to receive it The same pro- 
cess may be repeated indefinitely, as the resinous cake loses none of its elec- 
tricity, but simply acts by induction, and thus an insulated conductor may be 
charged to any extent 

751. Aq Electroscope is an instrument em- 
ployed to indicate the presence of free elec- 



What ii an 
Electroscope f 



tricity. 



What is the 
oonstraetion of 
anelectroacopey 



It usually consists of two light conducting 
bodies freely suspended, which in their natural 
state hang vertically and iu contact. When 
electricity is imparted to them, they repel each other, and 
the amount of their divergence is proportioned to the 
quantity of electricity diffused on them. 

The simplest form of the electroscope, called the "pith-ball electroscope," 
consists of two pith-balls suspended by silk threads. When an excited body 
is presented, the balls will be first attracted, but immediately acquiring the 
aame degree of electricity as the exciting body, they repel each other. An- 
other form of the pith-ball electroscope, represented at B, Fig. 319, consists of 
two pith-balls suspended by conducting threads within a glass jar, and con- 
nected with the brass cap, m. On touching the brass cap with an electrified 
Fia. 319. body, the two balls being similarly electri- 

. fied, will repel each other. C, Fig. 319, 
represents a more delicate electroscope; 
two slips of gold leaf; g g\ being substituted 
for the pith-balls. If an excited substance, 
c, be brought near the cap of brass, the 
leaves will instantly diverge. The best 
electrometers are carefully insulated, so that 
the electricity communicated to the balls or 
leaves may not be too soon dissipated. 

Electroscopes merely indicate 
the presence of an electrically excited body : they do not 
measure the quantity, either relatively or absolutely, of 
the electricity in action. 

What if an *^^2. An Electrometer is an instrument for 
*'***'^'^**'' measuring the quantity of electricity. 

The most gimple form of the electrometer is represented at A, Fig. 319. It 




382 WELLS'S NATURAL PHILOSOPHY. 

consists of B semicircle or rsniiBhed paper, or ivory, fixed upon » TerUcil 
rod. From the center of the semicircle a light pith-bnll is suspended, and 
the Dumber of degrees through which the baill is attracted or repelled bj anf 
body brought in proximity to il, indicates in a degree the active quantily of 
electricity preseat. No very aoourate results, however, can be obtained with 
this apparatus ; and for accurate investigation, instnunenta of more ingenitnu 
and complicated construction are used. 

The electrometer usually employed for meaRuring with 
great accuracy small quantities of .electricity, is that of 
Coulomb's, usually called the Torsion Balance. 
EmUn tho ■'^^ construction of this inatrumeiit is as follows : — A needle, 
KnutructlDD of or stick of shell-lac, bearing upon one end a gilded pith'ball,il 
^Jm^jJ""*"' suspended by a fiber of »lit within a glass vessel — the needle 
being so balanced, that it is free to turn horizontally aroond 
the point of suspension in every directJon. When the pith-baJI ia electrified 
by induction, the repellent three causes the needle to turn round, and thia 
pioducee a degree of tor^on, or twist in the fiber which suspends it ; and the 
tendency of the Qbor to untwist, or return to its original position, n 
the force which tuniB the needle. p^_ -jq 

Within the glass vessel, which is cylin- ^ 

dricai, a graduated circle is placed, 
which measures the angle through 
which the needle is deflected. In the 
cover of the vessel an aperture is made, 
through which the electrifled body may 
be introduced, whose force it is desired 
to indicate and measure by the ap- 
paratus. Fig. 320 represents the con- 
struction and appearance of the torsion 
balance. 

m.t im-'n. By means of the 
'"octrilitiT has torsion balance, 
ihlK^^it Coulomb proved 
»°™' that the law of 
electrical attraction and re- 
pulsion, as influenced by dis- _ 

tance, is the same as the law ~ " ^"" ~ 

of gravitation ; that is, the force varies inversely as the 
square of the distance. 

wh.inBLe)- '^i'3- The Leyden Jar is a glass vessel used 
d«n j«r ( gj,. ^^j,e purpose of accumulating electricity de- 
rived from electrically excited surfaces. 
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Enbin tiui«». ^® principle of the Leyden Jar may yj^^ 321. 

tion and oon- be best ezplaiDed by describing what is 
S^P^* caUed the "coated," or "fuhninating 

pana" This consists of a glass plate, Fig. 
321, o^ having a square leaf of tin-foil, &, attached to each 
Bide. If the plate be laid upon a table, and a chain from 
the prime conductor of an electrical machine be brought 
in contact with the tm-foil upon one side, the plate will 
become charged — the upper side with positive, and the 
imder with negative electricity. 

If two such conductors, as the plates of tin-foil attached to 
eotttod pane & pane of glass, be strongly charged with electricity m the 
SE^i^St?^^^ manner described, and then, by means of the human body, be 

put in communication — which may be done by touching one 
plate with the fingers of one hand, and the other with the fingers of the other 
liand — ^the two # lectric fiuids ui rusbmg together, pass through the body, and 
l^oduce the phenomenon known as the electric shock. 

754. The Leyden Jar is constructed upon the same princi- 
iier ^waB ™the P^® *^ *^® coated pane, and its discovery, accompanied with 
prineij^e of the the first experience of 'the nervous commotion known as the 
^dlu^airnr^ electric shock, occurred in this way: In 1746, while some 

scientific gentlemen at Leyden, in Holland, were amusing them- 
selves with electrical experiments, it occurred to one of them to charge a 
tumbler of water with electricity, and learn by experiment whether it would 
affect the taste. Accordingly, having fixed a metallic rod in the cork of a 
bottle filled with water, he presented it to the electrical machine lor the pur- 
pose of electrifying the water, holding at the same time the bottle in his hand 
by its external sur&ce, without touching the metallic rod by which the elec- 
tricity was conducted to the water. The water, which is a conductor, re- 
ceived and retained the electricity, since the glass, a non-conductor, by which 
it was surrounded, prevented its escape. The presence of free electricity in 
the water, however, induced an opposite electricity on the outside of the glass, 
and when the operator attempted to remove the rod out of the bottle, he 
brought the two electricities into communication by means of his hand, and 
received, fi>r the first time, a severe electric shock. Nothing could exceed 
the astonishment and consternation of the operator at this unexpected sensa- 
tioD, and in describing it in a letter immediately afterward to the French 
phUoflopher Beaumur, he declared that for the whole kingdom of France he 
would not repeat the experiment. 

The exx)ertmeQt, however, was soon repeated in different parts of Europe, 
and the apparatus by which it was produced received a more convenient 
form, the water being replaced by some better conducting substances, as 
metal filings^ for which tin-foil was afterward substituted. 

The Leyden Jar, as usually constructed, con- 
eoDfliraeiion of sists of a glass jar, Fig. 322, having a wide 
the LejdMi Jar. j^^^^jj^ ^j^^ coated, extemally and internally, to 
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within two or three inches of the month, 
or to tlic line a b, with tio-foil. A wooden 
cover, well varnished, is fitted into the 
mouth ol the JHr, through which a stont 
brass wire, furnished with a ball, passes, 
liaving a chain or wire attached to its 
lower cnJ, so as to be in contact with 
the inside coating. 

iiovN* I ■^ Leyden jar is chsi^d 

im it oh.ri[. by presenting the brass ball 
at the end of the rod of the 
jar to a prime conductor of ao electrical machine in 
action, or to any other excited surfiice. To charge a jar 
strongly, it is Qcceesary that the outside coating should be 
directly or indirectly connected with the ground. 
iimiaaLsr- ^ Leyden jar is discharged by effecting a 
&([i"f *"* comiiiunicatiun between the outer and inner 
surfaces by means of a good conductor. 

Ii; when we liivc c'liargcd tho jar, wo hold tliB eiterior coating in ooe 
li»riil ;iuii toiK'h tlie kuob with tlio oliier, a spark is observed, and tbe peculiar 
stiisiiliuii iif ilie t'lLi'irio ?liock cuporiencod. 

Any TiunibiT of ]K.'r;ajTi3 can receive a. sliock at the aamo time by foniiinj i 
cbaiii Ijy lioliliiig eai'li otiier'a lianda — tlic Bret person in tho circle touctiog 
tlif fxteniul eouliuft of the jar, and tho last the knob. 

wiiiTi- diiiii IVhcn a Lcjdon jar is charged, tho electricity resides whoHj' 
th.- iliTiridif on the surface of the glass; the metallic coalings bavlDg no 
niMr?^"'^" otliLT cllttt than to conduct tho elootricity to the surface of 
tlic glass, and, wlien there, oQbrd it a free passage from point 
to point. 

Tjj" power of a Leyden jar will therefore depend npon it 
of surface. 

Aa very large jars arc inconvenient and Fio. ; 

expensive, vcrystrong chargesi of elcclrjcity 
are obtained by combining a number of jars 
togi'lher. 

__ A combination of 

Whal is «n 

Ei.i-jricii Bm- Leyden jarB, so ar- 

ranfjed that they 
be all charged and discharged 
togother, constitutes an Electri- 



Eiio, or aitmt 




McUff 
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cai Batteiy. This ma; be effected by forming a connec* 
iioii between all the wires proceeding from the iateriors 
of the jars, and also connecting all their exterior coatings. 

goch an WTaagemeat ia reprteented by Fig, 323. Tim disdiai^ of eloo 
tndtj fiom such a comblnattoD ia Hccompanicd by a loud report; and nbcn 
the nnmberof tlie jan is ooiuideratjle, aoimala may Ik kiUedi'mctal wirea 
Im nwUed, and otlier aSecta produced auulogoua to thoso of lightDiog. 
WbMt cxDol- '"'*■ ^^ "^sons of aa electrical machine ind the LcydCD 
BaoMDliuteKta Jar, maoj iDteresting and mniiang electrical expeiimenls 
£d ^SSS ~7l«perfom,i 

The phenomenon of the repuldon of subetancea tumilail/ 
oleutrifled, may be illostrated by means of a doll's liead coh- 
ered with long iiaa. When this is aW 
tached to U>e prime conductor of an eleo- 
trica) machine, the hairs stand erec^ a&d 
give to <^e bead a most exaggerated ap- 
pearance of fright See Fig. 324. 

The same thing amy tw shown by plac- 
ing a peraon on a stool with glass leg^ 
BO that ho be perfectly insulated, and 
making him hold in h'lB band a brass rod, 
the other end of which touches the prime 
conductor ; then On turniog tbo maeliinOj 
the hairs of the head will diverge m all 
directions. 

If a small nnmbcr of figures are out 
out in paper, (H' carved out of pitti, and 
an existed gloss tube be held a few 
inches above them on a table, the flgurea 
Ifin immediately eommeoce dancing up and down, assuming a variety of droU 
'poritions. The experiment can 1» shown better by means ^^ ^^. 
rf ui electrical machine than with the eioktcd tube, by 
(BQiending horizontally from tlie prime conductor a metal 
diso a few inches above a Sat metal aur&ce connected with 
the earth, on which the figures are placed. Od woriting 
(he machine, the figures will dance in a moat amusing 
manner, being alternately attracted and repelled by each 
.plate. See Kg! 325. 

, .^ The electrical bella. Fig. 326, which are 

.■rpnimeiil of rung hy electric attraction and repulsion, 
^dectrieil aragoodilluBtrationaof these forces. Where 
three belts are employed, the two outer 
tnUa A and B, are suspended by chains, but the central 
me and the two dappers hang fh>m olken strings. The 
middle beU is oonnected With the earth by a chain or wim. 
17 
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1 



Upon working the machine^ the outer bells become positiTelj electrifiedi and 

the middle one, which is insulated from the 
prime conductor, becomes negative by in- 
duction. The little clappers between them 
are altematelj attracted and repelled by the 
3 outer and inner bells, producing a constaot 
ringing as long as the machine is in action. 
It was by attaching a set of bells of fhifl 
kind to his lightning-conductor, that Dr. 
^S i ^2^ Franklin received notice, by their ringing 
B of the passage of a thunder-doud over hi3 

apparatus^ 
Let a skein of linen thread be tied in a 
knot at each end, and let one end of it be attachec^to some part of the con* 
ductor of a machine. When the machine is worked the threads will become 
electrified, and will repel each other, so that the skein will swell out into a 
form resembling the meridians drawn upon a globe. 

If we ignite the extremity of a stick of sealing-wax, and )a^^^ the melted 
wax near to the prime conductor of a machine, numerous fine filaments of 
wax will fly to the conductor, and will adhere to it^ forming uix>n it a sort 
of network like wooL This is a simple case of electrical attraction. The 
experiment will succeed best if a small piece of wax is attached to the en^ 
of a metal rod. 

756. When a curreat of electricity passed 
through a good conductor of suflScient size ic^ 
carry off the whole quantity of electricity^ 
easily, the conductor is not apparently affected by it^ 
passage ; but if the conductor is too small, or too imper^ 
feet to transmit the electric fluid readily, very striking' 
effects are produced — the conductor being not unfre- 
quently shivered to pieces in an instant. 

The mechanical effects exerted by electricity in passing 
through imperfect conductors, may be illustrated by many 
simple experiments. 

If we transmit a strong charge of electricity through water, 
the liquid will bo scattered in every direction. 
A rod of wood half an inch thick may be split by a strong charge from a 
Leyden jar, or battery, transmitted in the direction of its fibers. 

If we place a piece of dry writing-paper upon the stand of a universal dis- 
charger, and then transmit a charge through it, the electricity, if sufl&ciently 
strong, will rupture the paper. 

If we hold the flame of a candle to a metallic point projecting from the 
prime conductor of an electrical machine in action, the current of air caused 



What effect hag 
electricity upon 
a conductor? 



What experi- 
ments illustrate 
the mechanical 
effects of elec- 
tricity? 
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by the iasdng of a carrent of electricity ftom the point, will bo sufficient to 
deflect the flame, and even blow it out 

Boirdoefleiec. '^^7. The passagc of electricity from one 
wdy cToiTo substance to another is generally attended with 
an evolution of heat, and a current of electricity 
passing over an imperfect conductor, niises its temperature. 
The temperature of a good conductor of sufficient size 
to allow the electric fluid to pass freely, is not affected by 
the transmission of a current of electricity ; but if its size 
is disproportionate to the quantity of fluid passing over 
it, it will be heated to a greater or less degree. 

If a small charge of electricity be passed through small metal wire a fjw 
laches in length, its temperature will be sensibly elevated ; if the charge bo 
increased, the wire may be made red hot, and even melted and vaporized. 

The worst conductors of electricity suffer much greater changes of tem' 
peratnre by the same charge than the best conductors. The charge of elcc- 
Wicity which cmly elevates the temperature of one conductor, vrill sometimes 
lender another red hot^ and will volatihzo a third. 

The heat developed in the passage of electricity through 
combustible or explosive substances, which are imperfect 
conductors, causes their combustion or explosion. 

If gunpowder be scattered over dry cotton loosely wrapped round one end 
of a discharging-rod, it may be i^ited by tlie discharge of a Leydon jar. 

In the same way powdered resin may bo inflamed. 

Ether or alcohol may be also fired by passing throup:h it an electric dis- 
charge. Let cold water be poured into a wine glass, and let a thin stratum 
of ether be carefully poured upon it. The ether being ligliter will float on 
the water. Let a wiro or chain connected witli the prime conductor of a 
machine be immersed in the water, and, while the machine is in action, pre- 
sent a metallic ball to the surface of the etlier. TIio electric charge will pass 
ftom the water through the ether to the ball, and will ignite the ether. 

If a person standing on an insulated stool touches the prime conductor 
with one hand, and with the other transmits a spark to the orifice of a gas- 
pipe finom which a current of gas is escaping, the gas will be ignited. 

By the friction of the feet upon a dry woolen carpi-t, sutficienfe electricity 
may be often excited in tho human body to transmit a spark to a gas-burner, 
and thus ignite the gas. 

If we bring a candlo wirli a long snufT, that has jusf been extinguished, 
near to a prime conductor, so that tho spark passvs from tho conductor, 
through the smoke, to tho candle, it may bo relighted. 

ii the eiectrio The clcctric fluid is not itself luminous ; but 
iauiomiBoiur j^g motiou over imperfect conductors^ or from 
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«Qe Cooducting Bubetance to another, is geoer^Uy attended 
with an eshibitioa uf light. 

Uut Uiibc be '^^ Btrongeat elaotric charges that can bo aocDCDDlated 
Rguded » > in a body wilt never afford tbe least appearance of light bo 
SmISj? °' long aa a Btata of electric eqaaibrium exieta, and the electric 
fluids ore bX reat. Light, therefore, must not be regarded u 
a property of eleclrioity, but aa tbe re^t of a disturbance oecasioued by 
olectridty, 

Wh duet th "^^ '"'' "^ * '^' sparkles wbon nibbed wilh the hand in 

far of ■ at cold weather. The reason of this is, that tbe Inction between 
■puUe f (jjg (juji^ mj,j (]jg f jp produces an eicitaUon of negative eleo 

tridty in the hand, and positive in the fhr, and an interchange of the two 
is accompanied with a Bpark, or appearance of light 
m., .. lb. Wtantli.«igi>r, J,, 3j, 

(Orin dT tlie or a brass ball at 
electric ep.rk t y,^ ^^ j of a rod, is 
presented to tbe prime conductor 
of an electricfl! nmchina in action, 
a spark is pToduoed by the passage 
of tbe fluid from the conductor to 
tbe finger or the metd. Tliis 
Bpark has an irregular zigzag form, reaerabling, 
of lightning, aa shown in Fig. 32T. 

Upon whot d«M "^^^ length of tVie electiic spark will vary 
i'lKtrif's^A ^^'*h the power of the machine. A very 
depend? powerful machine will so chui^e its prime 

conductor, th^it sparks may be taken from it at the 
distance of 30 inches, 
u J If thepartofei- 

poiDi inHiienca thcr of the clcctrl- 
if ibe'ii^rtT "^'y eicitod bod- 
ies which is pre- 
sented to tbo other has the form | 
of a point, the electric fluid will | 
caoapc, not in the ibrm of a spark, 
&ut aa a brush, or pencil of light, 
tbe diverging rays of which have ai 
Fig. 323 repreai^nts this appearance. 

A substance parti:^ witli electricity generally exhibits an irregular spartc, 
or flash of light; while a subatance absorbing electricity eshibita a brush or 
glow of light 

wb.t 13 ihg The rapidity of the electric light is marvel- 
S«SS<^kt 0U3 ; and it has been experimentally shown 
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that the duration of the light of the spark does not 
exceed the oue-miilionth part of a second.* 

When the coDtinuitj of a substance conducting electricity is interrupted, a 
spark will be produced at overy point where tlic course of the conductor is 
broken. 

A great variety cf beautiful experiments may bo performed to illustrate 
this principle. Thus, upon a piece of glass may be placed at a short diHtanco 

from each other any number of bits or 
pieces of tin-foil, as is represented by 
Fig. 329 ; when the metiil at either end 
is connected with the prime conductor 
of an electrical machine, the sparks will 
pass from one piece of tin-foil to the 
other, and fonn a stream of beautiful 
light. By varying the position of the 
pSeoes of tin-fcn], letters^ or any other devices may be exhibited at the pleasure 
of the operator. 

In a like manner, by fasten- 
FiG. 330 ing by means of Jac-varnish a 

spiral line of pieces of tin-foil 





..i^L^d. 



^zz: 



^'Tjj upon the interior of a tubo, as 
-mJ is re 



presented in Y\\^. 330, a 
serpentine lino of firo may bo 



made to pass from one end of the tubo to the other. 



* The amnf^mcnt bj which this fact was demonstrated bv Mr. Whcatstonc of England, 
majbe described as follows: — Considerable lenp:ths of copper wire (about half a mile 
being employed), are so arranged, that three small breaks occur in its continuity — unc near 
the enter coating of a Leydcn jar, one near the connection with the inner coating, and 
another exactly in the middle of the wire — so that three sparks are seen at every dis- 
charge, one at the break near the source of excitation, another in the middle of its path, 
and the third close to the point of returning connection; these, by bending the wire, are 
brong^t eloae together. Exactly opposite to this was placed a metallic speculum, fixed 
oa 4UI axb| mad made to rerolve parallel to the line of the three sparks. When a spark 
of l^t !• vieired in a rapidly revolving mirror, a long line is seoTi instead of a point. It 
win beobrlooi that three lines of light will bo seen in Iho revolving mirror every time a 
gi tcliai ge takes place, and that if the first or the last differ in the smallest portion of time, 
tb^n liiMW most b^n at different iK>int8 on the speculum. 

When the mirror revolved slowly, the position of the lines was uniform, thus — ' rn 

bvt when the vdocity was increased, they appeared thus ~TT"S ig~"— ; those pro- 

duced by the sparlcs at cither end of the wire being constantly coincident, but the spark 
evolved at the break in the middle being slightly behind the other two. From this, it 
appears that the disturbance commences Kimnltancously at either end of a circuit, and 
travels toward the middle. This has been adduced in proof of the two electricities. It 
was thus determined that electricity moves through copper wire at a rate beyond 28S,000 
miles in a second. It will be evident to any one considering the subject, that the length 
of the line seen in the speculum dctpends on the duration of the s])ark. When the mirror 
was made to revolve 800 times in a second, the image of the spark, at 10 feet distance, 
appeared to the eye of the observer to make an arc of about half a degree, and from this 
ita dnration was cslculafeed.— JETun^ 
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tppn what does 758. The intensity of the electric light i^ 
the "^^riictoic pends both upon the density of the accumu- 
light depend? lated electricity, and the density and nature of 
the aerial medium through which the spark passes. 

Thus, the electric light, in condensed air, is very bright, and in a rarefied 
atmosphere it is faint and diffusive, like the light of the aurora borealis ; in 
carbonic acid gas the light is white and intense ; it is red and faint in hydro- 
gen, yellow in steam, and green in ether or alcohol. 

_ I^ by means of an air-pump, the air is exhausted from \ 

aarorai light be long cylindrical tube closed at each end with a metallic cap, 
imiuted f ^j^j j^ current of electricity passed through it, an imitation of 

the appearance of the aurora borealis is produced. When the exhaustion of 
the tube is nearly perfect, the whole length of the tube will exhibit a violet 
red light If a small quantity of air be admitted, luminous flashes will be seen 
to issue from points attached to the caps. As more and more air is admitted, 
the flashes of light which glide in a serpentine form down the interior of the 
tube will become more thin and white, until at last the electricity will cease 
to be diffused through the column of air, and will appear as a glimmering 
light at the two points. 

759. The crackling noise, or sound which is produced 
by the electric discharge, is attributed to the sudden dis- 
placement of the particles of air, or other medium 
through which the electric fluid passes. 

760. The electric shock, or convulsive sensation occa- 
sioned by the passage of the electric fluid through the 
body of a man, or animal, is supposed to arise from a 
momentary derangement of the organs of the body, ow- 
ing to an imperfection, or difference in the conducting 
power of the solids and fluids which compose them. 

If this derangement does not exceed the power of the parts to recover their 
position and organization, a convulsive sensation is felt, the violence of which 
is greater or less according to the force of electricity and the consequent de- 
rangement of the organs ; but if it exceeds this limit, a permanent injury, or evea 
death, may ensue. 

What are the ''^61. lu thc proccsscs hithcrto described 
r^nts in^^nl! clcctricity has been developed by friction. In 
Stricu''y?"°^ nature the agents which are undoubtedly the 
most active in producing and exciting elec- 
tricity, are the light and heat of the sun's rays. 

The change of form or state in bodies is also one of the 
most powerful methods of exciting electricity. 
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Wateiv in pMring into stoam bj artificial heat^ or in evaporatiiig bj the ao- 
Lion of the son or wind^ generates large ({aantities of electricity. The Grystal- 
ization of solids from liquidSi all changes of temperature, the g^wth and de- 
)Aj of yegetaUeSi are also instmmental in producing electrical phenomena. 

>oe8 vital and BeccDt investigations have shown that vital 
ulir^^ecto^ action and all muscular movements in man 
rtcityf and animals, develop or produce electricity; it 

nay also be shown by direct experiment that a person 
»n not even contract the muscles of the arm without ex- 
citing an electrical action. 

Certain animals are gifted with the extraordinary power of producing at 
ileasore considerable quantities of electricity in their system, and of commu* 
lieaiing it to other animals, or substances. Among these the electrical eel 
md the torpedo are most remarkable, the former of which can send out a 
sharge sufficient to knock down and stun a man, or a horses The electricity 
derated by these ^wwnftlg appears to be the same in character as that pro- 
luoed by the electiical machin& 

tfiMw ^^^* ^^ ^^^ ^ ^^ become the habit with many to regard 

reaaon in as- electricity as the agent of all phenomena in the natural world, 
kto^ Bha""" *^ cause of which may not be apparent For this there is no 
roena to eleo- good reason. Electricity is diffused through all matter, and 
^''*^' is ever active, and many of its phenomena can not be satisfac- 

torily explained ; but it is governed, like all other forces of nature, by cer- 
tain fixed laws, and it is by no means a necessary agent in ail the operations 
of nature. It therefore aigues great ignorance to refer without examination 
every mysterious pheoomenon to the influence of electricity. 

SECTION I. 

ATMOSPHEBIG E LEOT K IC I T T. 

i>owetoetrieity 763. Electrfcity is always found in the air, 
"***£re?*^ and appears to increase in strength and quan- 
tity with the altitude. 
What kind of It Is sometimes difierent in the lower re* 
SiSJd^ ** gions from what it is in the upper, being posi- 

SJSS^****^ *^^® ^^ ^^® *^°^ negative in the other ; but in 
the ordinary state of the atmosphere, its elec- 
tricity is invariably positive. 

When the sky is overcast, and the clouds are moving 
in different directions, the atmosphere is subject to great 
and sadden variations, rapidly changing from positive 
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to negative, and back again in the space of a few nnn- 

tites. 

„^ . The principal causes which are supposed to 

InflMlfc 18 Blip* - 

pond to occa- producc electricitv in the atmosphere are, 

sion electricitf * ./. i .it ^-i-i 

in the aimoB. evaporatiou from the earth s suriace, cnemical 
changes which take place upon the earth's 
surface, and the expansion^ condensation, and variation of 
temperature of the atmosphere and of the moisture con- 
tained in it. 

; When a sabstance is burning, positive electricity escapes tram, it into the 
atmosphere^ while the substance itself becomes negatively electrified. Thus 
the air becomes the reoeptade of a vast amount of poative electrid^ gene^ 
ated in this manner. 

whMi Is fh« The atmosphere is most highly charged with 
•tm<Mpbere electricitj when hot weather succeeds a series 
charged wiiL of wct (htYS, or wct wcathcr follows a succes- 
sion 01 dry days. 
There is more electricity in the atmosphere during the 
cold of winter than in the summer months. 
. Lightning is accumulated electricity, generally dis* 
charged from the elouds to the earth, hut sometimes 
from the earth to the clouds. 

Who first es- 764. The identity of lightning and electric- 
wentuf *of ity was first established by Dr. FrankUn, at 
cScSSf.r'' Philadelphia, m 1752. 

The manner in which this fact was demonstrated was as fol- 
r^scribe ^nidc- j^^g ;-^Having made a kite of a large silk handkerchief stretch- 
ident. ed upon a frame, and placed upon it a pointed iron wire con- 

nected with the string, ho raised it upon the approach of 
B thunder-storm. A key was attached to the lower end of the hempen 
Btring holding the kite, and to this one end of a silk rihbon was tied, 
the other end being fastened to a post Tho kite was^ now insulated, 
and the experimenter for a considerable time awaited tho result with 
great solicitude. Finally, indications of electricity began to appear on tho 
string; and on Franklin presenting his knuckles to tho key, he received 
an electric spark. The rain beginning to descend, wet the string, increased 
its conducting power, and vivid -sparks in great abundance tiashed from 
the key. Franklin afterward charged Leyden jars with lightning, and 
made other experiments, similar to those usually performed with electrical 
maqliinea. 
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Wh this ^^ experiment, as thus performed, was one of great risk 

experiment one and danger, since the whole amount of electricity contained in 
TOrf*** ^*°' *^® thunder-cloud was liable to pass from it, by means of 

the string, to the earth, notwithstanding the use of the silk 
insolator.* 

• ♦ I i.v • ^^m whatever cause electricity is present in the air, the 
cause of li^t- douds appear to collect and retain it ; and when a cloud over- 
P^S^ charged with electric fluid approaches another which is under- 

charged, the fluid rushes from the former into the latter. In a like manner, 
tbe fluid may pass from the cloud to the earth, and in such cases elevated 
objects upon the- earth's surface, as trees, steeples, etc , appear to govern its 
direction. 

^ , , ^ "WTien a cloud highly charged with electricity is near to the 

Under what . . .. - l,^ , /. 

eircarastanoes earth, the surface of the earth, for a great extent, may also 

does Ughtning become highly charged by induction ; and when the tension 

earth to the of the electricity becomes sufficiently great, or the two elec- 

doads . ^pjg surfiices come sufficiently near, a flash of lightning not 

unfrequenfly passes from the earth to the clouds. In this way an equilibrium 

of the two elements is restored. 

Lightning clouds i^re sometimes greatly elevated above the surface of the 

earth, and sometimes actually touch the earth with one of their edges ; they 

are, however, rarely discharged in a thunder-storm when they are more than 

700 yards above the suriHce of the earth. 

How man '^^^' Lightning has been divided into three 

kinds of light- kinds, viz., ziffzao^, or chain-li^htnine:, sheet- 

niDgare there? i • i i • 

lightning, and ball-hghtuing. 

^lain the The zigzag, or forked appearance of lightning, is believed to 
diverse appear^ ^ occasioned by the resistance of the air, which diverts the 
a'nce of light- electric current from a direct course. The globular form of 
"** lightning sometimes observed, is not satisfactorily accounted 

for. What is called "sheet," or "heat" lightning, is sometimes the reflection 
in the atmosphere of lightning very remote, or not distinctly visible ; but gen- 
erally this phenomenon is occasioned by the play of silent flashes of electricity 
between the clouds, the amount of electricity developed not being sufficient to 
prodooe any other effects than the mere flash of light. 

766. The usual explanation of thunder is, 

canseofthnn- that it is due to a sudden displacement of the 

particles of air by the electrical current. Others 

have supposed that the passage of the electricity creates 

• When the experiment was subscqnently repeated in France, streams of electric fire, 
ntne and ten feet in length, and an inch in thickness, darted spontaneously with loud rc> 
ports from the end of the string confining the kite. During the succeeding year. Prof. 
lUchman of SL Petersburg, in making experiments somewhat similar, and having his 
apparatos entirely- insulated,- was immediately killed. 

17* 
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a vacuum, and tbat the air rusbing in to fill it produces 
the sound. Every explanation that has* yet been offered 
is somewhat unsatisfactory. 

The rolling of the thunder has been ascribed to the effect of echo, bat this 
undoubtedly is not the only cause. The rolling of thunder is heard as per- 
fectly at sea as upon land, but there none of the causes which are generally 
supposed to produce echo, as mountains, hills, buildings, etc., etc., are present 
Another, and perhaps the true reason is, that the sound is developed by tho 
lightning in passing through the air, and consequently separate sounds ai» 
produced at every point through which the lightning passes. 

Thunder-storms prevail most in the torrid zone, and decrease 
der storms in frequency toward either pole. In the arctic regions thunder- 
most prevail? gtorms seldom or never occur. As respects time, they are 
most frequent in the summer months. 

What is called a thunder-storm may be considered to 
be merely an effort of nature to effect an equilibrium of 
forces which have become disturbed. 

767. A knowledge of the laws of electricity has enabled 
lightning con- man to protect himself from its destructive influences. Light- 
faSSSf 'ced^"* ning-rods, or conductors, were first introduced by Dr. Frank- 
lin. He was mduced to recommend their adoption as a means 
of protection to buildings, etc., fi"om observing that electricity could be quietly 
and gradually withdrawn from an excited surface by means of a good con- 
ductor, which was pointed at its extremity. 

What is a ^^ Ordinarily constructed, a lightning-con- 
ughtning-rod? (j^ctor consists of a metal rod fixed in the 
earthj running up the whole height of a building and ris- 
ing to a point above it. 

The best metal that can be used for a lischt- 

How should a. .^. . -i.ii 

lightning-rod niDg-rod 18 coppcr ; ir iron is used, the rod 
should not be less than three quarters of an 
inch in diameter. When only one rod is used, it should 
be continuous from the top to the bottom, and an entire 
metallic communication should exist throughout its whole 
length. This law is violated when the joints of the several 
parts that form the conductor are imperfect, and when the 
whole is loosely put together. 

The rod should also be of the same dimensions through- 
out. The rod is best fastened to the building by wooden 
supports. If there are masses of metal about the build- 
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iDg, as gaiters, pipes, etc., they should be connected with 
the rod by strips of metal, and directly, if possible, with 
the ground. The lo^er end of the rod, where it enters 
the ground, should be divided into two or three branches, 
and turned from the building. 

It oaght also to extend so fiir below the surface of the ground as to reach 
water, or earth that is permanently damp. It is, nK)reover, a good plan to 
bury the end of the lightning-rod in powdered charcoal, since this pre- 
serves in a measure the iron from rust, and facilitates the passage of the 
electricity. 

A building will be most perfectly protected when tho lightning-conductor 
has several branches, with pointed rods projecting freely in the air from dis- 
tant summits of the building, and connected with the main rod. 

Professor Fturaday advises that lightnicg^conductors should be arranged 
upon the inside of buildings rather than upon tho outside. 

What space ^ lightuing-conductor of sufficient size is 
JSi Ji^ct?^" helieved to protect a circle the diameter of 
which is four times the length of that part of 
the rod which rises above the building. Thus, if the rod 
rises two feet above the house, it will protect the building 
for (at least) eight feet all round. 

.^ A lightning-conductor may bo productive of harm in two 

lij^htning-rod ways; if the rod bo broken or disconnected, the electric fluid, 
^hSrm?'^^^ being obstructed in its passage, may enter tho building; and 
if tho rod be not largo enough to conduct tho whole current 
to tho earth, the lightning will fuse the metal and enter tho building. 

A lightningfKX)nductor protects a building even when no visible discharge 
takes place, by attracting the electricity of an approaching cloud, and caus- 
ing it to pass off silently and quietly into tho earth. This process commences 
as soon as the doud has approached a position vc rtically over the rod. 
.^^ 7G8. As regards safety in a thunder-storm, it is prudent, if 

are safe and out of doors, to avoid trees and elevated objects of every 
what AxngeT'^ kind, which tho lightning would be likely to strike in its pas- , 
der-atorm? flago to the earth. A stream of water, being a good conduc- 

ductor, should bo avoided. 

If within doors, the middle of a carpeted room is tolerably safe, provided 
there is bo lamp hanging from tho ceiling. It is prudent to avoid the neigh- 
borhood of chimneys, because lightning may enter tho room by them, soot 
bbing a good conductor. For tho same reason, a person should remove as 
(or as possible from metals, mirrors, and gilt articles. Tlic safest position that 
can be occupied is to lie upon a bed in tho middle of a room — feathers and 
liair being excellent non-conductors. In all cases, tho position of safety is 
that in which the body can not assist as a conductor to the lightning. The 
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position of smroaodiog bodies must therefore be attended to^ whether a per 
son be insulated or not 

The apprehension and solicitude respecting lightning are proportionate to 
the magnitude of the evils it produces, rather than the frequency of its occa^ 
renoe. The chances of an individual being killed by lightning are infinitely 
less than those which he encounters in his daily walks, in his occupation, or 
even during his sleep from the destructioa of the house in which he lodges by 
fire. 

B)ir are the '^^^' The mechanical povvei cxcrted "by light- 
fo^^^^^ght ^^°g ^^ enormous and difficult to account for. 
n^|nccoanted Arago supposcd that the heat, of the light- 
ning in passing through any substance, in- 
stantly converted all the moisture contained in it into 
steam of a highly explosive character, and that the great 
mechanical eflfects observed are due to this agent rather 
than to the direct effect of the electric current. A tem- 
perature that can instantly render iron red hot, is known 
to be sufficient to generate steam of such an elastic force 
that it would overcome all obstacles, and if the water con- 
tained in the pores of bodies is at once converted into 
steam of this character, its force would be capable of pro- 
ducing any of the mechanical effects witnessed in lightning 
discharges. 

Another theory supposes that the natural electricities 
of non-conducting bodies are forcibly decomposed by the 
presence of the electric fluid which forms the lightning, 
and that their violent separation forces every thing asun- 
der which tends to confine them. 

What is the 770. The phcnomcnon of the aurora borealis 
^rwai^^reiu^? ^^ supposcd to bc duc to the passage of electric 
currents through the higher regions of the 
atmosphere — the different colors manifested being pro- 
duced by the passage of the electricity tlirough air of dif- 
ferent densities. 

Where doPBthe I^^ ^^® northcm hemisphere the aurora al* 
auroraappear? ^^^g appcars in thc north, but in the south- 
ern hemisphere it appears in the south ; it seems to origin- 
ate at or near the poles of the earth, and is consequently 
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seen in its greatest perfection within the arctic and an- 
tarctic circles.' 

The aurora ia not a local phenomenan, but is Eoen umultaneously at place* 
widely remote from escb otlier, aa in Europe and Arperica. 

The general heiglit of tlie aurofa U supposed to bo. botneen ooe and two 
hundred miles above tba surface of tbe earth ; but it somcUiaes appeani 
within the region of the clouils. 

Anroraa occur more frequently in the winter than in the summer, and are 
CDlf seen atuight. they atfcet in a peculiar manner the magnetic neodlo 
and the electric telegraph, and as the disturbances occasioned in these in- 
Btnimonts are noticed by day as well ns by night, there can be no doubt of tba 
occarreuce of tlie aurom at all hours. The intooBa light itf the sun, however, 
randen the aaroral light invisibla duricg the day. 
Fio. 331. 
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nw accompanying figure represents one of the most bcautifiil of the an- 
toiBl pbenomena. 

It haa onen been asserted, and on good authority, that souods have been 
teoii attending the phenomena of the aurora, like tlie rustling of silk, or tho 
■oond and crackling of a fire. On this point, however, Ihcro is great dilTcr- 
ence of opinion. 

Auroras appear to bo subject to some variation in their appearance, estend- 
1^3 tbnnigh a cirela of years. Tliua, from 1705 to 1752, Iho northern lights 
booame moro and mom frequent, but after that for a period Ihcy wero seen but 
liuely. Since 1820 they have been quite frequent and brilliant 
' * la tin wtlc: and ftntATctie drcJu, wben the nun i^ abKnt, tbe aurort appean vilh a 
on In otber rgglmu, tnd ■fforda light auKdent for nou; of tba ardt-' 
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CHAPTER XTI. 

QALYANISM. 

771. Electricity excited or prodnced \s{ 

Sdty! ^^ *^® chemical action of two or more dissimilar 
substances upon each other is termed Gal- 
vanic, or Voltaic Electricity, and the department of 
physical science which treats of this form of electrical 
disturbance is called Galvanism. 

What simple ^^c most simplo method of illustrating the 
fSSJSr^the production of galvanic electricity is by placing 
JrdTO^c^rt^ a piece of silver (as a coin) on the tongtle^ and 
tricitf ? a piece of zinc underneath. So long as the 

two metals are kept asunder no effect will be noticed, but 
when their ends are brought together, a distinct thrill will 
pass through the tongue, a metallic taste will diffuse itself, 
and, if the eyes are closed, a sensation of light will be evi- 
dent at the same moment. 

This result is owing to a chemical action which is developed the moment 
t^e two metals touch each other. The saliva of the tongue acts chemically 
upon, or oxydizes a portion of the zinc, which excites electricity, for no chem- 
ical action ever takes place without producing electricity. Upon bringing 
the ends of the two metals together, a slight current passes fix)m one to the 
other. 

If a living fish, or a frog, having a small piece of tin /oil on its back, be 
placed upon a piece of zinc, spasms of the muscles will be excited whenever 
a metallic communication is made between the zinc and the tin-foiL 

whenandho^ The pfoductiou of elcctrlcity by the chemi- 
dectridty^'di'^ ^^ action of two TTietals when brought in con-. 
covered? \2lQ.\>^ WHS first noticed by Galvani, professor of 

anatomy at Bologna, Italy, in 1790. 

His attention was directed to the subject in the following manner: — ^Hav- 
ing occasion to dissect several frogs, he hung up their hind legs on some cop- 
per hooks, until he might find it necessary to use them for illustration. In . 
this manner he happened to sui^nd a number of the copper hooks on an 
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inn balcoDj, when, to bii great aBt<»usbmen^ tbe limlM were tbtowu into 
Tiolent coDTulsiODB. Od uiTesCigating the pbenomeaon, he found that tlie 
mere contact of dissimilar metala with the moist 8ur&ce« of the musclea and 
Derreo, was all that was DeceBaaiy to produce the convaldoiuu 

Fid. 332. 
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This ringolaf tctiaa oT electricity, first noticed by Galvani, may be experi- 
mentally eTchibited withont difficulty. Fig. 332 represeuts the extremities 
of B ^og, with the Qpper part dissected in such a way as to exhibit the nerrea 
of the legB, and a portioa o( the spinal marrow. If we now take two thin 
pieces <^ oopper and nnc, C Z, and plaoe one under the nerves, and the otber 
in contact with the miuclea t^ tbe 1^, we abatl God tJiat so long as the two 
pieces of metal are separated, so long will tho limbs remain motionless ; but 
bj inaldiig a connactiOD, instantly the whole lower extremities will be tbrown 
IqIo vltdent coDTnlsions, quivering and stretching themselves in a manner too 
dngolar to deeoribe. If the wire is kept cloaely in contact, (hcBe pbeno:nena 
we at momentary duration, but are renewed evei? tima the contact is made 
and tmoken. 

Galvani attributed those tnovemcnis of tho muscles lo & 
Oidmii attri- kind of nervous fluid pervading the ajiimal system, similar to 
Jjjjj^jy*"'* the electric fluid, which passed from the nerves lo tho mas- 
eles, as soon as tho two were brought in communication with 
each other, by meons of the metalhc cocneclinn, in tlic same way as a dis- 
cbai^ takes place between tbe external and internal coatings of a Leydon 
J3i. He tlkwe&n called the supposed Suid animal clectiiinty. 
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What iras de- "^® experiments of GkJyani were repeated by Volta, til 
termired by eminent Italian philosopher, who found that no electrical or 
Voiu? nervous excitement took place unless a communication be- 

tween the muscles and the nerves was made by two different metals, as cop- 
per and iron, or copper and zinc. He considered that electricity was produced 
by simple contact of the dissimilar metals, positive electricity being evolved from 
the one and negative electricity from the other. 

What is the The true cause of electrical excitement occa- 

SSrtridty*de' sioned by the contact of dissimilar metals is 

d^^orjiffe?"- now fully ascertained to be chemical ac- 

ent metals? |Jqjj . j^^^j recent rescarches have also proved 

that no chemical action ever takes place without the de- 
velopment of free electricity. 

The electricity produced by chemical action has been 
termed Galvanic, or Voltaic Electricity, in honor of Gal- 
vani and Volta, who first developed its phenomena. 
How does gal- 772. Galvauic electricity, or the electricity 
from ordfnSj devcIopcd by chemical action, differs from fric- 
eiectricity? tioual, or Ordinary electricity, chiefly in its 
continuance of action. The electricity developed by fric- 
tion from a glass plate, or the cylinder of an electrical 
machine, exhibits itself in sudden and intermittent shocks, 
accompanied with a sort of explosion ; whereas that which 
is generated by chemical action is a steady, flowing current. 

The fundamental principle which forms the basis of the science of galvanic 
electricity is as follows : 

Any two metals, or more generally, any two 
forms th^Ta^is different bodies which are conductors of elec- 

of the science .••! i i ^ » x^ii i 

of galvanic tricity, whcu placed m contact, develop elec- 
c t7 tricity by chemical action — positive electricity 
flowing from the metal which is acted upon most power- 
fully, and negative electricity from the other. 

In general, that metal which is acted upon 

What are cleC" 

tro-positive most casilj is termed the electro-positive metal, 
negative eie- or element ; and the other the electro-nega- 

ments? , . , t i j. 

tive metal, or element. 
The electrical force or power generated in this way is 
called the electro-motive force. 
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- '773. Different bodies placed id contact manifest differ- 
ent electro-motive forccB, or develop different quaatities 
of electricity, 

_ Bodies capable of derelopii^ etectrid^ by conCacC maj be 

!«■ npi^ of amnged in a Banes in such a manner tfaat any one placed in 
^J^g^*"** ccolact wilh another holding a lower phice iu the seriea, will 
fnrrniTiiiiUwl receive the positive fluid, and the lower odd tbo DE^ntivo Quid ; 
^^ and the more remote tlioy Btiuid ftcm each other ia the order 

qT the aerie^ the more deddedlj will the electriraty be developed by their 

nie most conmion snbstnnoea used for exciting ^rsnio electridty may be 
■nanged in auch a aeries aa follows: — doc, lead, tin, antimony, iroo, bnia^ 
easier, bItbt, gold, [dalintim, black lead or graphite, and charcoaL 

liius, Kinc and lead, when brought in conUct, will produce electricity, but 
it will be mnch lees active than that produced b; the union of zinc and iron, 
or the same metal and cof^ter, oud the last less active than zinc and platinum 
or line and diarooaL 

~gi^ 1^ H^ fit In the production of galvanic electridty for practical 
linctis] matli- poTposes, it 18 necessary to have a combination of three dif- 
^^^Lta^^gS 'erent conductors, or dementa, ono of which must bo solid 
BiEft^r and one fluid, while Ibe third may bo either solid or fluid. 

The process usually adopted is lo place between two plates 
of different kinds of metal a liquid capable of exciting some chemical action 
on ooa i^the plates, while it bas no action, or a diScrcnt action upon the 
ather. A communication is then Ibmied between the two plates. 
What ten CM- When two metals capable of exciting elec- 
vudcorwitf tricity are so arranged and connected tliat the 
positive and negative electricities can meet and flow in 
opposite directions, they are said to form a galvanic cir- 
cuit, or circle. 

Daerlbaail ■*■ ''^'^ aimple. and Fio. 333. 

A OAlnida ftt the same time an ac- 
httiiT. live galvanic circuit may 

be fimaed by an arrangement aa rcpre- 
nnted in S^. 333. C fuid Z are thin 
platM oCeopper and dno immeraed in a 
jhMi Teasel containing a very weak so- 
btioD \t onli^aiio acid and water. 
IfetaDio ooutact cam be made between 
tba plates by wires, X and W, which 
KB soldered to them. If now the wires 
ore conoflcterl, as at Y, a galvanic cif' 
eoit will be bmted ; positive electricity 
^HHDg from ibo sine through the liq- 
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Bid, to the copper, and from the copper along the oondncting^wires to Ha 
zinc, as indicated hy the arrows in the figure. A current of negatiTe elso* 
tricity at the same time traverses the circuit also, from the copper to the 
zinc, in a direction precisely reversed. 
Such an arrangement is called a simple galvanic battery. 

What are the ^^^ two metals forming the elements of the 
SlSbitte^?' battery are generally connected by copper 
wires ; the ends of these wires, or the terminal 
points of any other connecting medium used, are called tbo 
poles of the battery. 

Thus, when zinc and copper plates are used, the end of the wire oonveyiiig 
positive electricity from the copper would be the positive pole, and the end of 
the wire conveying negative electricity fi:om the zinc plate would be the 
negative pole. Faraday describes the poles of the batteiy as the doors by 
which electricity enters into or passes out of the substance suffering decom- 
position, and in accordance with this view he has given to the positive pole 
the name of anode^ or ascending way, and to the negative pole the name of 
C€UJu>dej or descending way. 

At what point Thc manifestations of electricity will he most 
il ' eiecwdty apparent at that point of the circuit where the 
mfnifested ? * ^o currcn ts of positivc and negative electricity 
meet. 

y^ .^ When the two wires connecting the metal plates of a bat- 

cuit said to be tery are brought in contact, the galvanic circuit is said to be 
closed ? closed. No sign of electrical excitement is then visible ; the 

action, nevertheless, continues. The opposite electricities collected at the 
poles, in particular, neutralize each other perfectly on meeting ; every trace 
of electricity must therefore vanish, as when a Leydcn jar is discharged, if a 
fresh quantity were not continually produced by the pairs of plates. If the 
wires which conduct the two electricities be slightly disconnected, a spark 
will be observed at the point of interruption. 

In the formation of a galvanic circuit, by the employment 
theory of the of two metals and a liquid, the chemical action which gives 
production of ^^ ^^ ^y^Q electricity takes place through a decomposition of 
tricity. the liquid. It is, therefore, essential to the formation of aa 

active galvanic circuit, that the liquid employed should be ca* 
pable of being decomposed. "Water is most conveniently applicable for tins 
purpose. When a plate of zinc and copper are immersed in water, the ele- 
ments of the water, oxygen and hydrogen, are separated from each other, in 
consequence of the greater attraction which the oxygen has for the zinc. The 
oxygen, therefore, unites with the zinc, and by so doing produces an altera- 
tion in the electrical condition of the metal. The zinc communicating its nat- 
ural share of electricity to the Hquid, becomes negatively electrified. Tho 
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copper attntoting the same deotridty from the liquid, becomes positively 
electrified, ; at the same time the hydrogen, which is the other element of 
the water, is also attracted to the copper, and appears in minute bubbles upon 
its sor&ce. If the two metal plates be now connected with metallic wires, 
positive electricity will flow from the copper and negative electricity from the 
zinc, and by the union of these two an electric current will be formed.* 

With watw alone and two metaLs, the quantity of electricity excited is very 
small, bat by the addition of a small quantity of some acid, the excitement is 
greatly increased. 

wh«t fa thA Although two metal plates are employed in the arrangement 
neoeflsity of two described, only one of them is active in the excitement of elec- 
"^■^j^gj" tridty, the other plate serving merely as a conductor to collect 
the foice generated. A metal plate is generally used for this 
purpoaeL because metals conduct electricity much better than other substances 
exposing an equal surface to the fluids in which they are immersed ; but other 
conductors may be used, and when a proportionately larger surface is ex- 
posed to compensate for inferior conducting power, they answer as well, and 
in some instances better, than metal plates. Thus charcoal is very often em- 
ployed in the place (^copper, and a very hard material obtained from the in- 
terior of gas retorts, called graphite, is considered one of the best conductors. 

Two metals are not absolutely essential to the formation of a simple gal- 
vanic circuit A current may be obtained from one metal and two liquids, 
provided the liquids are such that a stronger chemical action takes place on 
one side of the metal plate than on the other. 

In some electric batteries also, two metals and two dissimilar liquids are 
employed. 

775. The electricity developed by a simple 
Tmnieacdonbe galvaiiic cifcuit, whether it be composed of 
two metals and a liquid, or any other combin- 
ation, is exceedingly feeble. Its power can, however, be 
increased to any extent by a repetition of the simple com- 
binations^ 

* The tttut " deetrie fluid** and " electric cnrrent/* which are frequently employed in 
deaorlUnir eleetriaal phenomena, are calculated to minlead the student into the supposi. 
tloa that tleetrlclty la known to be a fluid, and that it flows in a rapid stream along the 
•winm. Snoh tekna, U should be understood, are founded merely on an assumed analogy 
of the e kxiri e fwee to fluid biKllea. The nature of that force is unknown, and whether its 
fisiiiiiiliaiHn be in the form of a current, or by vibrations, or by any other means, is un- 
determined. 

In a dlaenidon which took place some years since at a meeting of the British Associa- 
tlonfor flieAdyaiieement of Science, respecting the nature of electricity. Professor Fara- 
day ezpfVMed hie opinion as follows : — ^* There was a time when I thought I knew some- 
tUi^ aboot the matter ; but the longer I live, and the more carefully I study the subject, 
the more eonirineed I am of my total ignorance of the nature of electricity.** 

** After aneh en STOwal as this,** says Mr. BakewcII, ** from the most eminent electrician 
of ttie effB, it is almost useless to say that any terms which seem to designate the form of 
eleetrlelty aie merely lobe considered as convenient^eonventisnal expressions.** 
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■liie flnrt attempt to iocreaw Fto. 334. 

^TrfToliS' *ho power of a ealTauic drcuit 
by increaaii^ the number of 
the combioatiODB, waa made by Volla. He 
rooGtructed a pile of zinc and ctqiper plates 
wilh a moislenod cloth interposed between 
eacb. Ho commenced with a zinc plate, apoD 
which bo placed a copper plate of the bbdw 
■ize, aad On that a circuktr piece of cloth pre- 
viouBly Boaked io water BligliUf addulated. 
On the cloth was laid another plate of zinc, 
tben copper, and again cloth, and bo on in bqc- 
. cession, until a pile of Qfty series of alternate 
metal plates and moistened cloths was Girmed, 
thetenniaal plate of tlie series at one end being 
copper and at the other end zinc A. metallic 
wire attached to the highest cower plate will 
constitute the positive pole, and another to the lowest zinc plate the n^aliTa 
pole of such a series. 

Fig. 334 represents Volta'a orraogement of metal plates and wet cledia, 
with the metallic wires, which constitute the poles. ' 

Such combinations are denominated Voltaie Pilea, or 
Toltiiic Biitteries, and very often Galvanic Batteries. 

As two different metals and an interposing liquid are generally employei] 
for this purpose, it has been usual to call these combinations poira or riemenij ; 
so that the battery is said to consist of so many pairs or elomenfs, each pur 
o e nen con is ng of two metals and a liquid. 

77G. Voltaie piles or batteries have Fia 33S, 

iiinr b ** "" composed and eonslrucled in 

r a great variety of forma, by combin- 
been eonnni t- ^ .. • . . 

e4 iaff together in a series vanous sub- 

s anoes which esrile electricily wlien 
ac ed upon h m cally. 

Thus, they have been constructed entirely of veg- 
etable substances, without resorting to the uss of 
any metal, by pbcing discs of boel^root and walnut- 
wood io contact With such a pile, and a leaf of 
grass as a conductor, convulsions in the muscles of a 
dead frog are said to liavo been producoj. Other 
eiperimontalists have termed voltaic pies wholly 
of animal substances. 

A perfectly dry voltaic pile, known 
Swfi Ute!"* ^^°'° '^ inventor as Zamboni's Pile, 
may be tbrmed of sbeela of gilded 
paper and sheet zinc. If several 
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be packed together in a glass tabo, so that their similar metallic faces shall 
all look the same way, and be pressed tightly together at each end by metallic 
plates, it will be found that one extremity of the pile is positive and the 
other negative. Such a series will last more than twenty years, but it re- 
quires as many as 10,000 pairs to afford sparks visible in daylight, and to 
charge the Leyden jar. 

fig. 335 represents a pair of these piles, so arranged as to produce what 
has been called a perpetual motion. Two piles, P N, are placed in such a 
position that their poles are reversed, and between them a light pendulum, 
vibrating on an axis and insulated on a glass pillar. This pendulum is alter* 
nately attracted to one and then to the other, and thus rings two little bells 
oonnected with the positive and negative poles. 

The galvanic batteries in practical use at the present time differ consider- 
ably in form and efldcieucy, but the principle of construction in all is the same 
as that of the original voltaic pile. 

^ ^^ ,^ A very effective Fio. 336. 

I>eseribe the -^ ^ , 

troasb battery, arrangement known 

as the trough bat- 
tery, is represented in Fig. 336. 
This consis|^ of a trough of wood 
divided into water-tight cells, or 
partitions, each cell being arranged 
to receive a pair of zinc and copper 
plates. The plates are attached to 
a bar of wood, and connected wifh 
one another by metallic wires, in 
Bucb a way that every copper plato 
is connected with the zinc plate of 
the next ceE The battery is excited by means of dilute sulphuric acid poured 
into the cells, and the current of electricity is directed by wires soldered to the 
extreme plates. When the battery is not in use the plates may be raised from 
the trough by means of the wooden bar. 

The battery by which Sir Humphrey Davy eflTected his splendid chemical 
discoveries was of this form, and consisted of two thousand double plates of 
copper and zinc, each plate having a surface of tliirty-two square inches. 
Kow, however, by fanproved arrangements, wo can produce with ten or 
twenty pairs of plates, effects every way superior. 
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In otbai uid aon etBciant oompound galrude drcuha, the tirdtiDg GfiM 
it pUced in a Bene* of separate cap*, or glueca, arranged in n curie, cr b 
pHTaihd linee. Each cap oonlaioi one eLiic aod one copper plate, not imm 
diatelf ID oODoedioD with each otfaer, but every zinc plate of one cup in rot 
oected with the oopper pUte ot the preceding^ hj a copper band, of win. 
Tbie arrangement in represented in Fig. 337, liie copper platen and the diti» 
Uonof the poeitlve current being Indioated by theaign +, aod 'iioanc^lM 
nd the directioD of the negatiTe current by the siga — . 

The nmplest ibrm of galvwiio battery at presmt owJ i 
^Srr^ that invented by Kr. Sine«^ and known as Smee'B balteij 

(See £lg. 338.) It coosiatfl of a plate ot ailver coaled vitb 



platinum, suspended between two plates of ^uc, i :, the 
4cee of which last have been coated witJi mercury, or amal- 
famaled, aB it 18 called.* The three are attscbi-d lo a wooden 
bar, which eervea to support t!:e whole in a tumbler, G. par- 
liully filled with a wciik solution of sulphuric acid and water. 
The wiree, or polea for directing tlie c'lrreot of elecLridty are 
»nnected with the zinc aai pisuium plates by aiaaU acrew> 
.-upH, S and A. 

„. . y^ Anot J r form of lattery, called the sulphate 
•iiiptuuarcsop- of .-'opp'-'r batl«ry. bon the fact that a solution 
«r laiiBrj? ^j- jui[,iiate of coppoi (blue vitriol) ia Heed as 
ne eidtibg liquid, is rcprewnted hj F^. 339. It oonsists of two 
tylinders of copper tightly soldered lo a copper bottom, 
tnd ft 2inc cjlinder, Z, Utting In between thtu'.. The Fia, '■ 

jno cylindur, when let down mto tlie solution, ia pre- 
'enlcd from touching the i-onper by means of tlueo 
lieccs of wood or ivory, shown ia the llj^re, Tn-o 
!w-cuj)H fur holiiing the coanecting nirea 
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le outer copper cylinder, and the oiher 

The prineiral irr.yKi^rfeeL^oa of tto gtl- 
vanio battery- is the want of uuiforniity 




M.tery^^"^ tlie strength of the electric curreat e 

cited contimutlty diminislies from the moment the batten 
a.'tion commences. In the eulp^to of cupper battery, especially, toe ponn 
if reduced to almost notl'Tg -d a comparatively brief space of time. This v 
> chiellj owing to the circumstance that tlie metallic plates soon becuoK 
mated with the producla of the chemical docompositioo, the resull if 11» 
jcamioal action, whereby the electricity is developed. 

This difficulty is obvialed, in a grtul do(,TBe, by the use of a diaphragm, m 
porous pa;lition, between the two mfctslilc plates, which allows a free contucl 

* II li roDDd that bj »sting the due vitb nii.rcurf. tlie irule of tha sloe ii gmllj 



ipuiUal 



wiUi ere>t«r tnoiiDi 



at ttw Ikp^ m Mdi aid^ wHhin ita pom, but praTeola the solid pnxtucH 

ol deoompoailiiHi from paninif from one plate to the other. 

Dunllj Dma. Daniol'i cdutaot battery, oonstnictod according to tUf 

M'a^esutul prindple, and represented in Fig. 340^ ""<int»'"lt ta sBectiT* 

b*""^. galrsnio action loogor 

(bail any otber ; o is a hollow cylinder 

of copper ; t^ a Bohd rod of amalgiun- 

ated liiic; aod t, ft ponma tube of 

Mrthenwsre eeparatiDg tbe t' 

IHluted Bulphorio ii placed in 

ponas tube, and a mturated aolutian . 

of Bolpbate of oopper in the oopper 

cyiindcr. 

One of the moet effl- 
dent batteriea is that 
^n-a tat ^0,^ ag Grove'8 blll- 

Verj, from ita ioTeator, and it tbe G>nn generally used fuc 
(elegraphing and for other purposes in which powerliil galvanic actioD ia re> 
quired. It consMa of a plain glass tumbler, in which is placed a cylinder ol 
amalgamated zinc, with an opening on one side Co allow a free drcnlalion of 
(he liquid Within this cylinder is placed a porous cup, or cell, of earthen- 
ware^ in which is suqiended a strip of platiaum fastened to the eod of a zije 
Mm j;«(!)ectiDg; from tbe adjoining zino cylinder. The porous cup cootaining 
is filled with stroog nitric add, and the outer vessel containii^ 
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with weak Buipiiuria 
acid. Kg. 341 represents a 
of these cup3, arranged 
to fbnn a compound drcui^ 
with tbeir terminal polios, P 
and Z. This fonn of battery 
is objectionable on account 
of the corrosve character of 
>yed, and 



What ta thodii- 777. The electricity evolved by a single gat 
£°rf'^S^Si '■anic circle is great in quaatity, but weak in 
*«***''' intensity. 

TImm two qualities may be compared to heat ofiUfferent temperatures. A 
galloa of water at a temperature of lOU" has a greater quantity of heat than a 
pint at 200°i but the heat of tbe tatter is more intense than that of the former. 

wkattotiHriia- Tli^ electricity, on the contrary, produced 
■ , ehuu- (jy friction, or that of the electrical machine, 
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intetuitT. 



is mu&m ID quantity, but of high tension, oi 
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Illustrate the Frictional electricHy is Capable of passing for a coDsiderable 
differeuces be- distance through or over a non-conducting or insulating sub- 
Sectricmea?^** Stance, which galvanic electricity can not do. Thus, the spark 
from a prime conductor will leap toward a conducting sub- 
stance for some distance through the air, which is a non-conductor; but if '* 
current of galvanic electricity is resisted by the slightest insulation, or the In- 
tciposition of some non-conducting substance, the action at once stops, o^al- 
Ysmic electricity will traverse a circuit of 2,000 miles of wire, rather than makj 
a short circuit by overleaping a space of resisting air not exceeding one hu> 
dredth part of an inch. Frictional electricity, on the other hand, will fore, t 
passage across a considerable interval, in preference to taking a long cbcuifc 
through a conducting wure, or at least the greater portion of It will pass 
through the air, though some part of the charge will always traverse the wire. 

Frictional electricity produces very slight chemical or heating efifects ; gal- 
vanic electricity pi^uces very powerful effects. 

A proper and simple arrangement of a zinc plate and a little acidulated 
water, will produce as much electricity in three seconds of time as a Leyden 
jar battery charged with thirty turns of a large and powerful plate electrical 
machine in perfect action. The shock received by transmitting this quantity 
of galvanic electricity through the animal system would be hardly perceptible, 
but received from a Leyden jar, would be highly dangerous, and jierhaps 
lataL A grain of water may be decomposed and separated into its two ele- 
ments, oxygen and hydrogen, by a very simple galvanic battery, in a very 
short time; but 800,000 such charges of a Leyden jar battery, as above re- 
ferred to, would be required to supply electricity sufficient to accomplish the 
same result. Such a quantity of electricity sent forth from a Leyden jar 
would be equal to a very powerful flash of lightning. 

uponwhatdoes The quantity of electricity excited iu a gal- 
?anrc'dictrici- vanic circuit is directly proportional to the 
ty depend? amount of chemical action that takes place — 
as between the zinc and tlie acid. By increasing the 
amount of surface exposed to chemical action, we there- 
fore increase the quantity of electricity evolved. 

Hence, gigantic plates have been constructed for the purpose of obtaining 
an immense quantity. 

The intensity of the electricity evolved de- 

Upon what does , , n i , i • 

intensity de- pencis upon tlic numberoi plates, and is great- 
est when the voltaic pile is made up of a great 
number of small plates. 

Supposing an equal amount of surface of copper and zinc employed, the 
shock, and other indications of a strong charge, would be greater if it were 
cut up into many small circles, than if it formed a few large ones. But the 
actual quantity of excitement would be greatest with the large plates. 
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Roir mtj Toi. 778. When the wire from one end of a voU 
i^mp^J^ taic battery is connected with the wire from 
renewed f ^^q oppositc end, voltaic action instantly com- 

mences ; and it as instantaneously ceases when the con- 
nection is interrupted. The rapidity with which the elec- 
tric circuit may be completed and broken has no ascertained 
limit ; nor does it appear to be controlled by resistance 
caused by traversing miles of wire. 

wh»t arc the ^^^' '^^^ Diost Ordinary effects produced by 
toort or^inuy the dcvelopcd electricity of a large galvanic 
TBide eieetrid. battery, are the production of sparks and bril- 
liant flashes of light, the heating and fusing 
of metals, the ignition of gunpowder and other inflam- 
mable substances, and the decomposition of water, saline 
compounds, and metallic oxyds. 

^^ Heat is evolved whenever a galvanic cur- 

fMic eieetrid- rcut passcs ovcr a conducting body, the amount 
of which will depend on the quantity and in- 
tensity of the electricity transmitted, and upon the re- 
sistance which the body offers to the passage of the cur- 
rent. 

The metals differ greatly in their conducting power. Thus, if wo IIdJc 
together pieces of copper, Iron, silver, and platinum wire, and -pass a galvanic 
carrent along them, they will be found to be unequally heated, the platinum 
being the most, and the copper tho least. 

The easiest method of showing by experiment tho heating 
hSdag^Ioed power of the galvanic current is to connnect tho poles of a 
of galTsnio battery by means of a fine platinum wire. If tho wire is very 
ma^tnt^f ^£> ^^ ™^y becomo hot; shorten it to a certain extent, and 

it will becomo red-hot ; shorten it still more, and it will be- 
come white-hot, and finally melt If such a wire is carried through a smai 
quantity of salt water on a watch-glass, the liquid will boil ; if through alco- 
hol, ether, or phosphorus, they will bo inflamed ; if through gunpowder, it will 
be exploded. 

What vmh '^^ power lias been applied to tho purpose of firing blasts, 

appHcmtion has OT mines of gunpowder, an opc'ratiou which may bo cfTccted 
^n made of ^^j^ equal facility under water. Tho process is as follows : — 

The wires from a sufficiently powerful battery aro connected 
by a piece of fine platinum wire, which is placed in a mass of guupowdcr con- 
tained ia a cavity of a rock, or inclosed in a vessel beneath tho surface of 
water. The wire may be of any length, but the moment connection is modo 

18 
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with the bBtt«7 the current paagog, renders tiie platmom red-hot, and ex^ 
plodes the the powder.* 

^ . The greatest artificial heat man has yet sacceeded in pro- 

greatest artifi- ducing has been through the agency of the galvanic batteiy. 
"rod cS\ ^ '^^ ^^® metals, including platinum, which can not be fused 
by' any furnace heat, are readily melted. Gold bums with a 
blueish .light, silvei* with a bright green flamb, and the combustion of tho 
other metals is always accompanied with brilliant results. All the earthy 
minerals may be liquefied by being placed between the poles of a sufficiently 
large battery. Sapphire, quartz, slate, and lime, are readily melted; and 
the diamond itself fuses, boils, and becomes converted into coal. 

Hov are (he ^80. The luminous eftects of the galvanic 
fy^^ ttfe l^attery are no less remarkable than its beating 
^*?jLiifMtI effects. A very small voltaic arrangement is 
«^' sufficient to produce a spark of light every 

time the circuit is closed or opened. If the two ends of. 
wires proceeding from the opposite poles of a battery aro 
brought nearly together, a bright spark will pass from one 
to the other, and this takes place even under water, or in 
a vacuum. 

How may the The most splcudid artificial light known ia 
S??ficiai°Hght produced by fixing pieces of pointed charcoal 
be produced? ^^ ^j^^ wircs connectcd with opposite poles of a 

powerful galvanic battery, and bringing them within a short 
distance of each other. The space between the points is 
occupied by an arch of flame that nearly equals in dazzling 
brightness the rays of the sun. 

This light, which is termed the electric light, differs from 

electric li-'ht ^^ other fofflis of artificial light, inasmuch as it is independent 

differ from all of ordinary combustion. Tlie charcoal points appear to suffer 

lights? ^^ change, and the light is equally strong and brilliant in a 

vacuum, and in such gases as do not contain oxygen, whero 

• In the course of the construction of a railway recently in England, it became necca- 
cary to detach a large mass of rock from a cliff on the sea-coast in order to ayoid the ex- 
pense of a long tunnel. To have done this by the direct application of human labor and 
the ordinary operations of blasting, would have been attended with an immense expendi- 
ture of time and money. It was accordingly resolved to blow it up with gunpowder, 
ignited by the galvanic battery. Nine tons of powder were accordingly deposited in cham- 
bers at from 50 to 70 feet from the face of the cliff, and fired by a conducting wire connected 
with a powerful battery, placed at 1,000 feet from the mine. The explosion detached 
600,000 tons' weight of chalk from the cliff It was proved that thla might have been 
equally effected at the distance of 8,000 feet. This bold experiment saved eiglii mooths* 
' labor and $50,000 expense. 
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idl other artiflci||k lights wotild be eztfngaished. It may even bo produoed 
imder water. To excite the electricity, however, which occasiona this light, 
zinc or some other mital must be oxydized, or what is the same thing burnt, 
the same as oil in our lamps, or coal in the gas retorts ^r the production of 
other species of artificial light 

The effects of the galvanic battery upon the 
pbTtdoiogicai nerves and muscles of the animal system are 
vinL ^eetriel of the Same charactCF as those produced by 
.^^ ordinary electricity. 

On grasping the two ends of the connecting wires of a battery of some 
force with wet hands, a peculiar tremor will be felt in the joints of the arm 
and hand, accompanied by a sl^ht contortion of the muscles, and increasing 
to a violent shock. This shock is repeated every time a contact between the 
hand and the wire is broken and renewed. The concussion of the nerves of 
tile body is, therefore, produced by the entrance and exit of the currents of 
electricity ; for they evidently must pass through the body the moment it forms 
the connecting link between the two poles. 

By a particular arrangement, the circuit may be closed or interrupted at 
pleasure, and in such a manner that the current may be made to pass alter- 
nately through the wires and the body; the latter being .thus exposed to a 
series of shocks which are considered particularly adapted for the cure of 
diseases arising from the injury or derangement of the nervous system. It is, 
moreover, a highly valuable remedy in cases of suffocation, drowning, paraly- 
sis; etc. , and numerous arrangements have been at various times proposed 
for the construction of medico-galvanic machines. 

The effects of galvanic electricity on bodies recently deprived of life is very 
t^markable, and it was through an accidental ebservance of its action upon a 
dead fro^ that galvanism was discovered. By connecting the muscles and 
nerves of recently-killed animals with the poles of a battery, many of the 
inovements of life may be produced. Some remarkable experiments of this 
diaracter were made some years since upon the body of a man recently 
executed for murder at Glasgow, in Scotland. The voltaic battery em- 
ployed consisted of 270 pairs of plates, four inches square. On applying 
one pole of the battery to the forehead and the other to the heel, the 
muscles are doscribed to have moved with fearful activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the counten- 
,ancei 

." 781. Galvanic electricity is a powerful agent in effecting chemical decom* 
positions, and in its application to such purposes, it is most practically useful 

€sa grirmnic When a currcnt of galvanic electricity is 
2S*^htmi^ made to pass through a compound conducting 
^••*''**^*^**^°^ substance, its tendency is to decompose and 
teparste if into its constituent parts. 
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How mar wa- Tha% water is composed of two gases, oigrgen and hydr* 
ter be deoom- gen united together. When the wires connecting the poles 
J****®** of a galvanic battery are placed in water, and a sufficiently 

strong current made to pass through them, the water is decomposed, tbo ' 



FiQ. 342. 
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What is tlis 
theory of the 
decomposing 
action of gal- 
vanic elec- 
tricity? 



hydrogen being given out at the negative pole of the 
battery, and the^ oxygen at the positive pole. Fig. 
342 represents a form of apparatus by which this 
experiment can be performed in a very satisfactoiy 
manner. It consists of two tubes, O and H, sup- 
ported vertically in a small reservoir of wateij* 
and two slips of platinum, p p, which can be con- 
nected with the poles of a voltaic battery, passing 
in at the open end of the tubes. When communi- 
cation is ofifected between the platinum slips and a 
battery in action, gas rapidly rises in each tube and 
collects in the upper part. In that tube which is in 
connection with the positive pole of the battery oxygen accumulates, and in 
the other hydrogen. And it will be noticed that the quantity of the latter is 
equal to twice the quantity of the former gas, since water contains by volume 
twice as much hydrogen as it does oxygen. 

Tha explanation of this phenomenon may be briefly given 
as follows : — All atoms of matter are regarded as originally 
charged with either positive or negative electricity. In the 
case of water, hydrogen is the electro-positive element and 
oxygen the electro-negative element. Ii has been already 
shown that bodies in opposite electrical states are attracted by each other. 
Hence, when the poles of a galvanic battery are immersed in water, the nega- 
tive pole will attract the positive hydrogen, and the positive pole the negative 
oxygen. If the attractive force of the two electricities generated by the bat- 
tery is greater than the attractive force which unites the two elements, oxygen 
and hydrogen, together in the water, the compound will be decomposed. Upon 
the same principle other compound substances may be decomposed, by em- 
ploying a greater or less amount of electricity. In this way Sir Humphrey 
Davy made the discovery that potash, soda, lime, and other bodies, were not 
simple in their nature, as had previously been supposed, but compounds of a 
metal with oxygen. 

782. Recent experiments have shown that the electricity 
which decomposes, and that wliich is evolved by tho decern* 
position of a certain quantity of matter, are alike. Thus, water 
is composed of oxygen and hydrogen ; now, if tho electrical 
power which holds a grain of water in combination, or which 
causes a grain of oxygen and hydrogen to unite in tho rij^ht proportions 
to form water, could bo collected and thrown into a voltaic current, it 
would be exactly the quantity required to produce tho decomposition 
of a grain of water or the liberation of its elements, oxygen and hy- 
drogen. 



What quantity 
of electricity is 
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What ii an ^^^* ^^^ coiiTeiiience in certain experi- 
Eieetrode? ments, the ends of the copper wires connect- 
ing the poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are called 
Electrodes. The platinum slip connected with the posi- 
tive pole forms the positive electrode, and that with the 
negative pole, the negative electrode. 

Plalinam is used for tbe reason, that in employing the battery for effecting 
decompositions, it is frequently necessary to immerse tbe ends of the con* 
ducting wires in corrosive liquids, and this metal generally is not affected by^ 
them. 

What is Eiec 784. Elcctro-metallurgy, or electrotyping, is 
tro-metauorgy? ^^q ^j.j^ ^j. proccss of depositing, from a metal- 
lic solution, through the agency of galvanic electricity, a 
coating or film of metal upon some other substance.*^ 
*upon what is ^^^ proccss is based on the fact, that when 
the^^ process a galvauic current is passed through a solu- 
tion of some metal, as of sulphate of co'pper 
(sulphuric acid and oxyd of copper), decomposition takes 
place ; the metal is separated in a metallic state, and 
attaches itself to the negative pole, or to any substance 
that may be attached to the negative pole ; while the 
oxygen or other substance before in combination with the 
metal, goes to, and is deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached to the 
negative pole of a battery, and placed in a solution of copper opposite to the 
positive pole, will be covered with a coating of copper ; if the solution con- 
tains gold or silver instead of copper, the substance will be covered with a 
coating of gold or silver in the place of copper. 

. The thickness of the deposit, providing the supply of 
the metallic solution be kept constant, will depend on the 
length of time the object is exposed to the influence of the 
battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can be 
laid on, or it may be made several inches or feet in thickness, if desired. 
The usual arrangement for conducting the electrotype process is represented 

* Th« general name of electro-metallurgy inclades all the rarinus proeesses and results 
wMeli differenft inrentors and manufacturers hare desig^nated as galyano-plastle, electro- 
plafltle, galvsBO-tjpe, electro-typing, and electro-plating and gildings 
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lij¥ig.3iZ. Itoonsutsofa ttodgh orwood,or BueartheliTesael, containing 
the ealutioD, the decompositioD of whicb is desired — for example, Bulpb&te of 
copper. Two wires, one coDoected witli itio positive, and tlie otber with tba 
negative pole of a battery, Q. are extended along tlie top of the trongh, aod 
gapported on loda of dry wood, B aod D. The medal, or otber article to bo 
coated, is attacbed to tbe negutivo wire, and a plate of metallic copper to tbe 
positive wire. When tiolh of these are iinineraed ia the liquid, tLe actioa 
commences — the nuiphatfl of copper is decomposed — the copper being de- 
poaited on the medal, and the liberated oifgen on tho m^iper plate. As th» 
withdrawal of the metal from the solution gain on, tbe copper plate attacbjd 
to the poative pole undei^oea cunodon by the Bulpburic acid which is libe^ 
ated and attracted to it, and Biilpbata of copper la formed. This, diBBalving in 
the liquid, maint^ns it at a constant strength. When the operator judges 
that the deposit on the medal is sufficiently thick, he relnorea it &0111 tbe 
trough, and detaches the coating. Thedepositis prerented from adberiugto 
the me^l hy ruhbing its surrac. in the firat inetance with oil, or black-lead, 
and if it.ia desired that any part of the sur&ce should be left nncoated, that 
portion is corered with wai, or some other Doo-conductor. 
FiO. 343. 




In this way a most perfect reversed copy of the medal ia obtained, — that it, 
the elevations and depresaioas of the original aro reversed in the copy. To 
obtain a faC'Simile of the original, the electrotype cast is subjected to a repe- 
tition of the procesa. 

In general, it ia found more convenient to mold the object to be repro- 
duced in wax, or Plaster of Paris. The sarface of this cast ia then brushed 
over with black-lead to render it a conductor, and the metal deposited direcUy 
upon it The deposit obtained will then exactly reaerable the original ob- 

The pages and en^avinjfs in the book before the reader are illustrationa of 
the perfection and practical application of the electrotype process. The en- 
gravings wore first cut upon wood-blocks, and then, with the ordinary type^ 
formed into pages. Casts of the whole in wax were next made, and an eleo; 
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trotype ootttiog of copper deposited upon them, and from the ^pper plates 
80 formed the book was printed. The great advantage of this is, that the 
copper being harder than the ordinary type metal, is more durable, and re- 
sists the wear of printing from its sur&ce for a longer period. 
H hms the "^^^ improvement eflfected by electro-metallurgy in engraT« 
doetiotjM ing is very great When a copper plate is engraved, and im*> 

prM^B^eeted pressions printed off from it, only the first few, called " proof 
impressions," possess the fineness of the engraver's delineation. 
The plate rapidly wears and becomes deteriorated. But by the electrotyp# 
process, the original plate can at once be multiplied into a great many plates 
as good as itself and an unlimited number of the finest impressions pro- 
cured. 

In this way the map plates of the Coast Survey of the United States, some 
of which require the labor of the engraver for years, and cost thousands of 
dollars, are reproduced — ^the original plate being never printed fiom. 

One of the simplest illustrations of metallic deposit by electro^emical ac- 
tion is afforded by the following experiment : — ^Put a piece of silver in a glass 
containing a solution of sulphate of copper, and into the same glass insert a 
piece of zina No change will take place in either metal so long as they are kept 
apart ; but as soon as they touch, the copper will be deposited upon the sil- 
ver, and if it be allowed to remain, the part immersed will be completely 
(»vered with copper, which will adhere so firmly that mere rubbing alone will 
not remove it 

Hoir does the 785. When two metals which are positive 
STcfaSs **^aifeS aiid negative in their * electrical relations to 
their dnnbuitj? ^^^^ other, atc brought in contact, a galvanic 

action takes place which promotes chemical change in the 
positive metal, but opposes it in the negative metaL 

_^ . Thus, when sheets of zinc and copper immersed in dilute 

tntions of this acid touch each other, the zinc oxydizes or rusts more, and the 
priiieiple? copper less rapidly, than without contact Iron nails, if used 

in fhstening copper sheathing to vessels, rust much quicker than when in other 
situations, not in contact with the copper. The reason is, that the contact of 
the two metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. 

What ii gu- What 18 called galvanized iron, is iron cov- 
Tmnisediron? ^^.^^j entirely, or in part, with a coating of 
zinc. The galvanic action between the two oxydizes the 
zinc, but protects the iron from rust. 

Copper, when immersed in sea- water, rapidly wastes by the 
^SZ^topxL chemical action of the oxygen dissolved in sea- water, but if 
teet the sheath- j^ jjq brought in contact with zinc, or some metal that is more 
^^corrodm? electro-positive than itself the dnc will undergo a rapid 
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diaDge^ and the copper will be preseired. Sir Hmni^rey Davj attempted to 
apply this priDciple to the protection of the copper sheathing of ships, by 
placing at intenrals oyer the copper small strips of zinc. The experiment 
was tried, and a piece of zinc as large as a pea was found adequate to pre- 
senre forty or fifty square inches of copper ; and this wherever it was placed, 
whether at the top, bottom, or middle of the sheet, or under whatever form 
It was used. - The value of the application was, however, neutralized by a 
consequence whidi had not been foreseen. The protected copper bottom 
i^pidly acquired a coating of sea- weeds and shell-fish, whose fiiction on the 
Irater became a serious resistance to the motion of the vessel, and it was dia* 
covered that tlie bitter, poisonous taste of the copper surface, when corroded, 
acted in preventing the adheaon of living objects. The principle, however, 
has been applied with sdccesB to protect the iron pans used in evaporating 
■ea-water. 



CHAPTER XVII. 

THERMO- EL ECTRIOITT. 

What is Thcr. 786. If two dissimilar metallic bars be sol- 
nMMdectricity? ^Q^ed together, and heated at the point of 
junction, an electric current will circulate through them, 
and may be carried off by connection with any good con- 
ductor. Electricity thus generated or developed is called 
Thermo-electricity. 

Thus, if two bars, one of German silver and tho other of brass, as repre- 
sented in Fig. 344 (the dark one being the brass), be heated at their junction, 
FiQ 344. ^^ electric current will flow in the direction of the 

arrows from the German silver lo the brass. 

Different degrees of temperature, also, in the same 
metal, will occasion an electric current to flow fix)m 
the colder to the warmer portions. 

The properties of thermo-electricity 
are the same as those of ordinary electricity. 

The metals best adapted for showing its effects are 
German silver, bismuth, brass, iron, and antimony. 

Thermo-electric batteries of considerable power maybe con- 

mo-eiectric bat- structed by combining together alternate plates of G^erman silver 

*f^®® ^^' and brass, or bismuth and antimony, thick cards of pasteboard 

being so placed between the plates, that a contact of the 

metals is prevented, except at the ends. Such a battery, represented by Rg. 
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S45, may be made to deyelop electricity bj heating FiG. S45. 

one end of the bundle, or pile of plates. 

By binding together two bars of bismuth and 
antimony, an electric current can bo proved to circu- 
late with the slightest variation of temperature. 

A series of slender bars of thcso two metals, ar- 
ranged as a thermo-electric battery, is far more sen- 
sitive to heat than the most delicate thermometer ; 
80 that the heat radiated from the hand brought near 
to one end of the battery is sufficient to excite an appreciable amount of elec- 
tricity. 

Fig. 346 represents the construction of such a battery. It consists of thirty* 




Fro. 346. 



six delicate bars of bismuth and antimony, 
alternately connected at their extremities 
and packed in a case, the ends of which 
are removed iu the figure to show the 
bars. The area of such a battery is not 
quite one half an inch. A represents a 
conical reflector, used to concentrate rays 
of heat in experimenting. 
It has been also found that when hot water mixes with cold water, that 
electricity is produced ; the hot liquor being positive and the cold negative. 
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MAGNETISM. 



wbatiBanat- ^87. A NATURAL magnet, sometimes called 
wai magnet? j^ loadstonc, IS an ore of iron, known as the 
protoxyd of iron, or magnetic oxyd of iron, which is ca- 
pable of attracting other pieces of iron to itself. 

-J. g -^ Natural magnets are by no means rare ; they 

are found in many places in the United States, 

and in Arkansas, especially, an ore of iron pos- 

^^^^^^^^^ t sessing remarkably strong attractive powers is 

A^^^^^^^^^^^^^/ ^^ry abundant. 

jl^^H^^^^^^HBr' The magnetic ore is usually of a dark color, 
|R¥!^^^P^^^^^^7 yk^ and possesses but little metallic luster. If a 
v\\ • \ V^ piece of this ore be dipped in iron filings, op 

brought in contact with a. number of BmaU 
18* 
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needles^ they wfll adhere to the extremities of the magnet, Aa is repi^flented 
in big. 347. i 

Can a magnet When a natural magnet is brought near to, 
ito'p'S?^^? ^^ ^^ contact with a piece of soft iron or steel, 
it communicates its attractive properties, and 
renders the iron a magnet. In doing so, it loses none of 
its original attractive influence. 

What are arti- ^^.rs of irou or stccl which by contact with 
ftdai magnetBf ^atural magncts, or by other methods, have 
acquired magnetic properties, are termed artificial magnets. 

For all practical purposes, artificial magnets arc used in preference to nat- 
ural magnets, and can be made more powerful. 

The attractive force of magnets has received 
the name of Magnetic Force, and that de- 
partment of science which treats of magnets 

and their properties is denominated Mag- 
netism. 

This designation must not be confounded with Animal Magnetism, a tsnn. 
which has been adopted to designate a certain influence whiuh one penoA 
may exercise over another by means of the wilL 

«rv . .^ 788. The attractive power of the macrnet is 

What are the - ^ ° 

poles of a mag. not dlffiiscd Uniformly over every part of its 
surface, but resides principally at opposite 
points or extremities of its surface. These points are 
termed poles. 

Between the regions of greatest attraction, a point may 
be found where the attractive influence wholly disappears. 

WTien a bar magnet is rolled in iron filings, tho filings attach themselves 
to the magnet in tho manner ropresented in Fig. 348, and in this way clearly 
indicate the location of the magnetic force. 

Fig. 348. 



Define the 
meaning of the 
terms magnetic 
force and mag- 
netism. 




In a steel magnet, the actual poles, or pomts of greatest magneti<} intenidty, 
•re not exactly at the ends, but at a distance of about one tenth of an Inch 
from each extremity. 
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% irbat poBi- 789. When a magnet is supported in such 
^"ftSiiVsS^ * ^^y ^8 to move freely, it will rest only in 
pendedrert? q^q position, viz., with its poles, or extremi- 
. ties directed nearly north and south. 

If drawn aside from this position, it will continue to 
vibrate backward and forward, until it again rests in the 
game position. 

What are the ^^® P^^®> ^^ cxtrcmity of the magoet that 
iior«i and south constantly points toward the north, is called 

poles of a mag- j r ^ i , 

net^ the North Pole, and the one that points to- 

ward the south, the South Pole of the magnet. 

790. That property of a magnet which will 
^J* ^^oiSifv cause it, when suspended freely, to constantly 
or^^directive tum thc samc part toward the north pole, 

and the opposite part toward the south pole 
of the earth, is termed magnetic polarity, or directive 
power. 

whcnisama Whcu a maguct, being free to move, places 

net siji to tra- itsclf after defloction in a nearly north and 

ver8©£ .... 

^ south line, it is said to trav^erse. 

. The attractive force of the loadstone, or natural magnet, can not be consid- 
ered as of any great amount. Native magnets, in their rude state, will sel- 
dom lift their own weight, and, with some rare exceptions, their power is 
limited to a few pounds. 

791. When two bodies possessing magnetic 
general law of properties are brought near, or in contact with 
tractiona and each othcr, the like poles will repel, and the 

uuHke attract each other. 
Thus, the north or the south poles of two magnets re- 
pel each other ; but the north pole of the one will attract 
the south pole of the other. 

ha h- ^^^* Magnetism may be excited most read- 
itaiieea may ily in irou and stccl. In steel the magnetic 

magnetism be " ^ - . . , . ^ , 

mosteasuyex- property, whcu induced, remains permanent; 
but soft iron loses its power as soon as it is re- 
moved from the influence of the exciting magnet. Brass^ 
nickel, and cobalt may also be rendered magnetic. 
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In what form 
axe artificial 
magnets con- 
structed ? 

FlO. 349. 




Recent inyestigations have Ehown that the iofluenoe of magnetism, whick 
was once supposed to be wholly restricted to iron and its compoimda, is al« 
most as pervading and wide-extonded as that of electricitj. The emerald, 
the ruby, and other precious stones, the oxygen of the air, glass, chalk, bone, 
wood, and many other substances, are more or less susceptible to magneticr 
influence. ThLi influence, however, is perceptible only by the nicest tests, 
and under peculiar circumstances. 

Artificial magnets of iron or steel may be of any required 

form, or of almost any dimensions. For general purposes^ 

they are limited to straight bars. 

When a piece 6f iron not magnetic is brought in contact 

with a common magnet, it will be attracted by either 

polo ; but the most powerful attraction takes place when 

both poles can be applied to the surface of the piece of 

iron at once. The magnetic bars are for this purpose 

bent somewhat into the shape of the letter U, and are 

termed horse-shoe magnets. 

Several of these are frequently joined together with 
their similar pdes in contact ; they then constitute a 
compound magnet, and are very powerful, cither fof 
lifting weights or charging other magnets. 

For the purpose of distinguishing between the two 
poles of an artificial magnet, the end of the bar which is designated as the 
north pole is generally marked with a -|- or with the letter N. 

ifwe break an ^^ ^^ break a magnet across the middle, 
Se?^what™ol' ^^^^ fragment becomes converted into a per- 
curs? f'QQ^ magnet ; the part which originally had a 

north pole acquires a south pole at the fractured end, and 
the part which originally had a south pole, gets a north pole. 

Thus, if the bur N S, Fig. 350, bo 
broken in the center, each of tlio fractured 
ends will exhibit a polar state, as perfect" 
as the entire magnet ; the fractional end s j^ 
becoming a south and n a north pole, al- 
though at this middle point, where n and 
S join, no magnetism could, before the breaking, have been detected. 

If wo divide up a magnet to the extreme degree of mechanical fineness 
possible, each particle, however small, will be a perfect magnet. 

The properties of a magnet arc not at nil affected by 
the presence or absence of air ; but its influence is as 
great in a vacuum as in any other situation. 
, Heat weakens the power of a magnet, and a white heat 
destroys it entirely. 



Fig. 350. 
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Where doee the ^93. The magnetic power of an iron or steel 
mgn^poww magnet appeal's to reside wholly upon the sur- 
"ide' face, and to circulate about it. 

S**^ TOdS^ To render a bar of steel magnetic, the north 
°**«°*^°' pole of a magnet is placed on the center of a 
bar of steel and repeatedly drawn over it toward one ex- 
tremity ; the other half is subjected to a similar treat- 
ment with the south pole of the magnet ; the bar is thus 
jeridered magnetic, and only loses this property when 
strongly heated. 

A bar of soft iron becomes magnetic by sim- 
iron megnet- plo coutact with a maguct, but the effect, aa 

before stated, is not permanent. 
May Iron be It is uot nccessary that absolute contact 
neticbj indue- should take placc between a bar of soft iron 

tioar * . 

and a magnet, m order to renJer the. iron 
magnetic ; but whenever a magnet is brought near to a 
piece of iron in any shape, the latter is rendered magnetic 
by the influence of the former. To this phenomenon the 
dame of induction has been given, and the distance through 
which this effect can take place is called the magnetic at- 
mosphere. 

Fifl ^^"1 Thus, let a bar of soft iron, B, as in Fig. 351, be 

' "W ' brought near to a magnet, M, whose poles, north and 

^ ' south, are indicated by N and S. By induction, the 
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bar will be rendered magnetic, the end of the bar to- 
ward the north pole of the magnet constituting its 
south pole, and the other end the north pole. 

In all cases, whero either pole of a magnet is brought 

near to, or in contact with bodies capable of acquiring 

s\ magnetism, the part which is nearest to the pole of 

the magnet acquires a polarity opposite, while the re* 
|noto extremity becomes a pole of the same kind ; bencj^e the attraction of a 
magnet for iron, is simply the attraction of one pole of a magnet lor the oppo- 
^te pole of another. 

How mur the ^^*^ general effect of magnetization by induction may bo 
pbenomena of clearly exhibited by bringing a powerful magnet near to a 
dooion be ex- pieco of soft iron, as a large key, when it will bo found that 
hibite4 ? the largo key will support several smaller ones ; but as soon 

18 the body inducing the magnetic action is removed, they all drop ofi& 
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cn tbe «>rth Mf^netism may be ako iodaced in a bar of 
tgdwa nugDM- iron by the action of the earth. 

Most iron bars and rails, as the vertical h&n 
of windows, that have stood fur a considerable time in a 
perpendicular position, will be found to be magnetic. 

ir we suspend a bar of soft udq Bofficiently ioag la the air, it 
SSo *" "'"of "'^ 8'*''''»liy become magnetic ; and allhough when it is fiist 
inigiuthm Id- suspended it points iudiS'ereatlf in anj direction, it vili >t 
J;^, '"' "" last point north and south. 

If a bar of iron, such as a kitchen pcdccr, which has bcea 
tuimd to be devoid of magnctiani, is placed wttii one end on the ground, 
qlightlf inclined toward the north, and tben struck one smart blowwillia 
liammer upon tho upper end it wili acquire pularit^ , and e:xbibiC the atbwitiTa 
and repellent properties of a magnet. 

Drw nugnetis Magnetic attraction can be made to esert 
uST'ttrMiTBh ^*^ influence through glass, paper, and solid 
ether bodies, ^j^ liquid substances generally which are not 
capable of acquiring magnetic influence in the ordinary 
manner. 

If a boTse^oe magnet be placed tmder- 

Plo 352 neath a sheet of paper which has iroa 

(Pfl |j«^^^fc^ ^ , I , filings sprinkled over its surface, the fil- 

MUllif {"' - 111 uiRS, upon the approach of tho magnet, 

&,^* ' v,ill irrange tliemsBlvesm great regulanly 

\ 1 1 lints divei^ing from tho poloa of tiie 

■^^^-:, injgui 1 in cunea and eitcnding from 

"^^ , I I tlip one pole to the other aa is rcpre- 

vJff I I rited in Fig 352 Tho numerous (rag- 

8,*'if/ rjf nt3 of iron, being rendered magnets bj 

'' |i ' ' III luction, have their unliko poles fronting 

caLh other, and they therefore attract onn 

another, and adhe-e in the direction of their polarilies, forming what are termed 

magnetic curves. 

If a plate of iron \i caused to intervene between the magnet and the under 
surface of the paper, the magnetic influence is almost entirely cut off. 
Do Mtiflow "^94. Magnets, if left to themselves, gradn- 
ihpS'*"toJ«>- "^'yi ^^^ ii* ^ space of time varying with the 
""' hardness of tlio metal composing them, lose 

their magnetic properties, from the recombination of their 
separate fluids. 

This is prevented by keeping their poles united by 
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WTiat la aa ^^fti^s of a soft irou bar called an Armature, 
Armature? represented at A, Fig. 349. 

This becoming magnetic by induction, reacts upon the 
magnetism in the poles of the magnetic bar^ and tends to 
increase rather than diminish their intensity. 
What is the The lifting or sustaining power of magnets 
JSITmS^u? varies very materially. The most powerful 
that we are acquainted with are capable of 
sustaining twenty-six times their own weight. 
How does the The law of magnetic attraction and repul- 
IiettSa?4^i?n ^^^^ ^^ the samc as that of gravitation ; that 
Md^ ^repulsion jg^ thcsc forccs incrcasc in the same proportion 
as the square of the distance from the center 
of attraction or repulsion diminishes. 

J 795. The various phenomena of magnetism have been ac- 

▼hat theory are counted for by supposing that all bodies susceptible of magnet- 
^*|JJ^® ^^ ^^ ^^ pervaded by a subtle imponderable fluid, which is com- 
eoantediforf pound in its nature, and consists of two elements, one called; 
the austral, or southern magnetism, and the other the boreal, 
or northern magnetism, flach of these, like positive and negative electrici- 
tiesi, repel their own kind, and attract the opposite kind. * 

When a body pervaded by the compound fluid is in its natural state and 
not magnetic, the two Avoids are in combination and neutralize each other. 
When a body is magnetic, the fluid which pervades it is decomposed, the austral 
fluid being directed to one extremity of the body, and the boreal to the other. 

Iron and steel are easily rendered magnetic, because the fluids which per- 
vade them can be easily decomposed by the action of other magnets. In 
iron, the separation of the two kinds of magnetism may be easily, but only 
transitorily effected. The magpet, therefore, attracts it powerfully, convert- 
ing it, however, into only a temporary magnet In steel, the two kinds of 
magnetism are not so easily separated ; hence the latter is but slightly at- 
tracted by the most powerful magnets. When once effected, however, the 
separation is permanent, and the steel becomes a perfect magnet. 

As, according to this theory, the act of rendering a body magnetic consists 
•imi^y in decomposing a fluid pervading it, we can easily understand how, 
by means of one artificial magnet, an infinite number of other magnets may 
be made, without the former losing any of its magnetic properties. 

y^^ J. ^ 796. The Magnetic Needle (Fig. 353) is 

Jjy*®*** ^*^ simply a bar of steel, which is a magnet, bal- 
anced upon a pivot in such a way that it can 
turn freely in a horizontal direction. 
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3. Such a ne«dle, when properly balanced, irlD ba 

observed t« vibrate more or leas, until it eettlea id 
such a iJircctioD that one of its extremitieB, or 
poles, poinlB toward the nortli, and the other lo 
ward the soath. If the pomtion oT the needle t» 
altered or rereraed, it wHl olwaja turn and Tibrate 
BF^in until its polea have attained the same direo- 
tion as before. 

It is this remarkable property of a magn^icd 
iteel bar, of always BBaamiag a definite direction 

tlist renden the compass of such value to the mariner, the engiueer, and til* 

traveler. 

wnii II B The ordinary compass consists of a mag- 

usmpuir netic oeedle, or bar balanced upon a pivot, aDd 

inclosed nithia a Bhallow box, or metallic case. Upon 

the bottom of the box is a circular card with the chief, or 

cardinal points of the horizon, north, south, east, west, 

marked upon it. 

Fig. 354 represents the form and conatrudion ol the ordinaij, or kiad con>- 
pass. The term compass ia deriTed (h>m the card, wbicb « 
vobKs, as il wore,, the whole plane of the faorizoo. 




_. . . In the Soa or Mar aera Compass, toe needle la tttached to 

conatructioiKif the undpr ile of tl o card id such a war that both traverse 
Mariner^iCom- '"^i^t' er— tl e needle tse f be ng out of fl ght T. pon the 
pus* surface of the card ia engraved a radiating diagram, dividiug 

the whole circle of the horizoD ioto thirty-two parts, called 
points. The compaas-box ia supporteil by means of two concentric hoops, 
(Blled gimbais. These are so placed m to cross each other, and support the 
box immediately In the center of the two ; so that whichever way the veMet 




iBftj nA er lurch, the eaid is a^ 

iTftTS in ■ homoDtal position, 

and la oertaiD to pwot the tme 

diroctioD of the head oF the ship. 

Kg. 3S& rapreniila the coi»bii> 

tioQ and DMiaQtiDg of Uie Sea 

Compasa 

W.U...D.;. 797. If a 

pnetf«ikf simple bar 

<>f unm^netized steel, 

tT an ordinary needle 

be Bospended from a 

tenter, instead of Iwing balanced npoD a pirot beneatb 

it, it will bang horizoDtally, and manifest no indiDation 

to dip from a borizontal line, either pio_ ggg, 

on one side or the other of the cen- ' a. 

ter of suspension. But if the bar, 

or needle, be made a magnet, it 

will no longer lie in a horizontal 

direction, but one pole will incline 

downward and the other upward ; 

the inclination in this latitude to 

the horizon being about 70°. ! 

Such arrangement is called a ^ 
Dipping ^Needle. 

Kg. 356. tepreietits the eoDatrUction and 
^ipearanoe of the dipping needle. 

D.-u-m«. 798. Although the i 
S^udH^ mimetic needle is said 
and •oath. jq point north and south, accurate observations 
have shown that it does not point exactly north and nouth 
except in a few restricted positions upon the earth's surface. 
Wh«t te_ tt> 799. The direction assumed by a horizontal 
twf needle in any given place upon the earth's 

Burface, is called the magnetic meridian. 

A teTTsstrinl meridian, it will bo remembered, ia a groat dr- 

de, suppoaed U> be drawn around the earth, passing throuf(h 

both poles, and any given place upon its Bnrfaf^, and iat«r- 

[oator at right angles. (See § 68, Fig. 6, page 36.) The direction 
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of a needle which would point dae north and south at-az^ places will bo 
the true, or terrestrial meridian of tliat placa 

What is the The deviation of the needle from the true 
SSSfSon 'of north and south, or the angle formed by the 
the needier magnetic meridian and the terrestrial merid- 
ian, is called the variation, or declination of the needle. 
wh*t are the There are two lines upon the earth's sur- 
Mne^ no va- face, aloug which the needle does not vary, buk 
points to the true north and south. These 
lines are called the eastern and western lines of no varia* 
tion, and are exceedingly irregular and changeable. 

Tbeir position is as follows: — ^The western line of no variation begins ib 
latitude 60^, to the west of Hudson^s Bay, passes in a south direction through 
the American lakes, to the West Indies and the extreme eastern point of 
South America. The eastern line of no variation begins on the north in tiM 
White Sea, makes a great semicircular sweep easterly, until it readies the 
latitude of 71^; it then passes along the Sea of Japan, and goes westward 
across China and Hindoostan to Bombay ; it then bends east, touches Australia^ 
and goes south. 

In proceeding in either direction, east or west from the lines of no varia* 
tion, the declination of the needle gradually increases, and becomes a maz« 
imum at a certain intermediate point between them. ' On the west of the 
eastern line the declination is west; on the east it is east 

At Boston, in the United States, the declination of the needle is cbout 5^® 
west ; in England it is about 24° west ; in Greenland, 50o west ; at St Peters- 
burg, 6° west. 

H i th di ^^^' '^^ *^® directive property of the magnetic needle is 

rective power observed everywhere in all parts of the world, on all seas, on 
accounted^ for^? *^® loftiest summits of mountains, and in the deepest mines, 
it is evident that there must be a magnetic force which acta 
at all points of the earth's surface, since magnetic needles can no more take 
up a direction of themselves than a body can acquire motion of itselH To 
explain these phenomena, the earth itself is considered to be a great magnet, 
and the points toward which the magnetic needle constantly turns are called 
the magnetic poles of the earth. These poles, by reason of their attractivo 
influence, give to the needle its directive power. 

,„^ ,^ The two poles of the great terrestrial magnet which aw 

Where are the . ,.,... -^, , ^ ^, " , , 

magnetic poles Situated m the vicmity of the poles of the earth s axis, are 

situated ? termed respectively the magnetic north pole and the magnetic 

south pole. These contrary poles attract each other, and thus a magnetic 

needle will turn its south pole to the north, and its north pole to the south. 

Hence, what we generally call the north pole of a needle is in reality its 

south pole, and its south pole is its north pole. 

The exact position of the northern magnetic pole is about 19^ ftom the nortlii 
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iHo'et tto CKth, k the direetioa of Hndson'a B«y. It was yMted by Sir J, 
Boas in 1832, in his voyage of Arctic disoorery. The south magnetic pole i« 
aituated in the antMctio continent, and Laa been ^proached within 170 raQes, 
If a rompua ^^ *'^^ Ordinary compass be carried tu either 
JS'tSihf ™g1 ^^ ^^^ magnetic poles, it will lose its power 
■iu°o^''^ ^°^ point indiflerently la any direction. If it 
IB carried beyond the magnetic pole, to any 
point between it and the true pole, the poles of the needk 
become rerersed, the end called the north pole pointing to 
the south, and the south to the north. 

Hot d<H Iha ^^ poation assumed by the dipping needle varies in diC 
pa^on of UiB ferent latitudes. If it were carried directly to the north mflg- 
nSt' "*""* ""'*' P°'^ "* ^^^^- P"'" "'"''^ ^ attracted dowownrd, and 
the needle would stand perfectly upright At the south mag- 
bolio pole, its position would be eiaotly revereed.* If the dipping ncedla bo 
tokM to the eqnator of the earth, or to a point midway between the north 
sad ■outh magnetic poles, it wiU be attracted equally by both, and will re- 
PIQ_ 3g7_ ttaio perfectly horizontal, or cease to dip at 

all ; as we go north or south, boweyer, it dips 
more and more, until at the magnetic poles, 
as before slated, it becomes perpendicular — 
the end which was uppermost at the north 
being the lowest at the south.f 

Fig. 35T represents the position sasumed 
by the magnetic needle in various latitudea. 
The magnetic poles of the earth are not 
stationary, but change their powtion grad- 
tuJly during long intervals of time. 

Ol)8ervationa ou the temperature of tbe 
earth have afforded some roasou (or beUev- 




• LIka liHi deellDBtlon and dip, (ha Inluullr of tb< euth's 
TOTT mncb 1° dUFBTgnt p&rtA of the eartli : Ht the ma^tidc eqaator beli 
udgrulDiUjlDcreaBbieuve upproiflh the poles. Thelnteodtr of tei 
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ingi that the points upon the earth^s surface where the greatest degree c/todA 
is experienced, or where the yearly mean of the thermometer is lowest 
oomcides with the location of the magnetic poles 

What is the 801. Beside the Variation from the true 
tio"n"*l)f^''?he T^oYih and south, the magnetic needle is sub- 
needic? ject to a dlumal Variation. This movement, 

or variation, commences about seven in the morning, when 
th3 north end of the needle begins to deviate toward the 
west ; it reaches its maximum deviation about two o'clock 
in the afternoon, when it begins to return slowly to its 
original position. 

The magnetic needle is subject also to an annual movement, and a move* 
ment difierent in the winter months from' that noticed in the summer montha 

What is the The daily, monthly, and yearly variations 
Sthe J^riSSSi ^^ *^® needle are supposed to be occasioned by 
SI needle? ^^ Variations in the temperature of the earth'i^ 
• surface, depending upon the changes in the 
position and action of the sun. 

Observations made for a great number of years seem to show that the en- 
tire magnetic condition of the earth is subject to a periodical change, but 
neither the cause or the laws of this change are as yet understood. 

For most practical operations, as in navigation and sur- 
veying, the deviation of the magnetic needle from the true 
north and south, is carefully taken into account, and a rule 
of corrections applied. A knowledge of the amount of vari- 
ation, east or west, for different localities upon the earth's 
surface, may be obtained from tables accuratel) arranged 
for this purpose. 

The variation of the magnetic needle from U>f .rue north and south, is said 
tc have been first noticed by Columbus in his irst voyage of discovery. It 
was also observed by his sailors, who were alarmed at the fact, and ui^ed it 
as a reason why he should turn back. 

When was the ^^^ compass is claimed to have been dis- 
cS^eS'? ^^ covered by the Chinese : it wa;3, however, 
known in Europe, and used in the Mediterra- 
nean, in the thirteenth century. The compasses of that 
time were merely pieces of loadstone fixed to a cork, which 
floated on the surface of water. 

R02. The resemblance between magnetism and ekcirlcity Is very strikingi 
and there are good reasons for believing that both are but modifications of 
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tme force. Both are supposed to oocsist of two fluids, which repel their own 
kiud, and attract the opposite. The fluid in both cases is supposed to reside 
upon the surface of bodies; the laws of induction in both are the same; and 
Mdi can be made to excite or develop the other. 



CHAPTER XIX. 



What is Elee- 



What effect is 
produced when 
anutgnetlc nee- 
dle is lurought 
near a conduot- 
in^wire? 



ELECTRC T^'AGNETISM. 

803. Magnetism ^o-^eloped through the 
tro-magnetismf agencjr of electrical or chemical action, is 
termed Electro-magnetism. 

Among the earliest phenomena observed which indicated a connection be<; 
tween magnetism and electricity, it was noticed that ships' compasses have 
thieir directive power impaired by lightniDg, and that sewing needles are ren- 
4erQd magnetic by electric discharges passed through them. 

In 1820, a discovery was made by Professor Oersted of 
Denmark, which estabUshed beyond a doubt the connection 
of electricity and magnetism. He ascertained that a mag- 
netic needle brought near to a wire, through which an electric 
current was circulating, was compelled to change its natural 
direction, and that the new direction it assumed was determined by its position in 
lelation to the wire and to the direction of the current transmitted along the wire. 
. Further experiments developed the following law : — 

imrfcat dircc- Elcctric currcnts exert a magnetic influence 

SS^?tJ*SS at right angles with the direction of their flow, 

tteirinfluence? g^^^j whcu they act upou a magnetic needle 

Fig. 358. they tend to cause the needle 

B ^. ^ ^ — ^to assume a position at right 

angles to the direction of the 
g current. 

Thus, suppose an electric current \o. 
pass on the wire A B, Fig. 358, in tlia 
direction of the arrow; suppose a mn^- 
netic needle, N S, to be placed directly 
under the wire and parallel to it. By 
the action of the electric current flowing 
in the direction A B, the needle is caused 
to move from its north and south posi- 
tion and turn round, and if the current 
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Fig. 359. 




Describe the 
Galvanometer. 



is suffidmtly Gftnong, it will plaoe itself at fight angles with the wire, as u 
represented in the figure. 

If the current, however, had passed in the same direction below the needle^ 
instead of above it as in the first instance, the deflection ot the needle would 
have taken place as before, but in an opposite direction, the pole S standing 
where the pole N did previously, and N also in the place qj S. 

In like manner, if the needle be placed by the side of the wire, a like effect 
urill be produced; on one side it dips down, and on ttie other it rises up; and 

in whatever other position the needle may be 

placed, it will always tend to set itself at right 

% ^ ^ angles to the current If the wire be bent in 

II N * ^1^ j the form of a rectangle, as is represented in Fig. 

359, so >as to carry the current around the 
needle, above and below it in opposite direct 
tions, the opposite currents, instead of neor 
tralizing, will assist each other, and tlie needle 
win move in accordance with the first direction of the current. 

If the wire, instead of making a single turn, is bent many times nroundthe 
needle, the magnetic force excited by the current of electricity traversing the 
wire, will be greatly increased, the increase being, within u(:rtain limits, pro-* 
portional to the number of turns of the wire. 

It is upon this principle that an instrument called the Gal- 
vanometer, for measuring the quantity of an electric current, 
is constructed. It consists of a rectangular coil of copper 
wire, N B S, Fig. 360, containing about 20 
convolutions, the separate coils being insulat- 
ed by winding the wire with silk thread. A 
magnetic needle, supported on a pivot, is 
placed in the center of the coil, and a gradu- 
ated circle is fixed below it to measure tlie 
amount of the deflection ; the two ends of the wire connect with two cups, 
C and Z, which contain mercury, and into which the poles of the ballxjfy 
transmitting the current dip. 

In tliis form of the instrument 
tat?c Needle ?" ^^® transmitted current is obliged 
to contend with the influence of 
the earth's magnetism, which tends to hold the 
needle in its original position, and unless the 
former is more powerful than the latter, the 
needle is not moved. This difficulty has been 
overcome by means of an arrangement called 
the Astatic Needle. This consists essentially of 
two needles fastened together, one above the 
other, but with their poles in opposite direc- 
tions, as is represented in Fig. 3G1. In this 
way the mfluence of the earth is almost entirely 
«;<-%oved» and the force of the transmitted current is rendered more effective. 
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la what man- 
ner does an 
electric eoirent 
exert its mag- 
ii«tiefor«at 



Fig. 362. 



Bj m ean g of tiie g&lya&ometer, the most feeble traces of electricity can bo 
detected; and electric currents which would fail to influence the most sensi- 
tive gold leaf electrometer can be made to affect perceptibly the magnetic 
needle. Grahranometers are sometimes called electro-multipliers. 

804. Electricity, unlike all other motive 
forces in nature, exerts its magnetic force lat- 
erally; all other forces exerted between two" 
points act in the direction of a straight line 
coonecting their points, but the electric current exerts its 
magnetic influence at right angles to the direction of its 
course. 

When a magnetic pole is influenced by an electric cur- 
rent, it does not move either directly toward or directly 
from the conducting wire, but it tends to revolve about it. 

. By the implication of these &cts, it has been discovered that rotatory move- 
ments can be' produced by magnets around conducting wires, and conversely, 
that conducting wires can be made to rotate around magnets. 

The rotation of the pole of a magnet around a tixed conducting 
wire may be shown by a piece of apparatus represented by Fig. 
362. A small magnet, N, is fixed to the lower part of a vessel, 
V, by means of a silk thread ; the vessel is filled with mercury 
nearly to the top of the magnet; G- is a conducting wire dippiug into 
the mercury, and Z is another conductor communicating with the 
mercury at the bottom of the vessel Now, when the electric 
current ,is es^ablislied, by connecting the extremities of the wires 
C and Z with the opposite poles of the battery, the pole N of the 
magnet revolves round the conducting wire C. If the current is 
descending, that is, if G be connected with the positive pole of 
the battery, and if N be a north polo, its motion round the wire will be di' 
rect, that is, in the direction of the hands of a watch; and 
so on, vice versd. 

A different arrangement, by which a movable wire tra- 
versed by a current, may be made to revolve around the 
pole of a fixed magnet, is represented by Fig. 363. A wire, 
A B, is suspended from the wire C by a loop, and dips into 
the mercury in a vessel, V ; when the circuit is established, 
l)y connecting C and N with the respective poles of the 
battery, the conducting wire revolves around the pole N 
of the magnet 

If the current be descending, and N be the north polo of 
the magnet, the rotation will be direct 

On similar principles, variooB kinds of reciprocating and rotatory movement* 
may be produced. 




Pig. 368. 
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In vhM Du- 805. If a piece of soft iron, entirely wantii^ 
d^riTcutn" in magQetism, be placed witbio a coil of wire 
j?,-*"*^,^.""! through which an electric current is circulat- 
'*"' ing, it will ba rendered intensely magnetic, bo 

l[>Dg as the current continues; but the moment the cop 
rent ceases, the iron loses its m^netism. 

Magnets formed in this way, through tha 
Eiadn-mw^ agency of electricity, are called Electro-mag-^ 
""' nets, and are more powerful than any othera. 

Wb»t !■ ■ The coil, or spiral line of wire used for excit- 
ing magnetism in the iron by conducting a 
ciuTcnt of electricity about it, is called a Helix. 

Fio 361. ^* '^ uauallf made oT copper wire, coated witb 

Y o BoiDs □ou-coDductiDg Bubatance, sucb as dlk vuuud 

■^^^■■^^n roiled it. Ttie cwls of tho wira ore generaUy n- 

™*^^ ^3y ^^^* peated one over tha otlier, until tho aiia of the telir 

I ' I is suIHcieiit, since the magnetic actioo of an eltuHio 

11 current upon a bar of Iron increaaea to a certain et- 

^—^ tcnl witli Iha Dumber of reTolutiuos it performs aooot 

it Fig. 3C4 represents tho appearance of a helix. 

It is necessary for the induction of magnetism in ifon 
burs by electricity, that the current should flow at riglit 
angles to the axis of tlic bars. 

What dctn-- If tlio bar be steel, the magnetism thus in- 
w''"a"*cti;Eiio- tluccd will be permanent ; and tlie direction id 
mnenci! wliich the current moves round the helix de- 

termines which of its extremities shall constitute its north, 
and which its south pole. 

When tho Gurront oirculatos in tho directio.i of the hands Tia. 365. 
of a watch, iho Dorili polo of tlio bar will bo at tho ianhest 
oQd of the helix. 

If a bar of soft iron, bent in the form of a horse slioo mag- 
net, be wound with insulated wire, as Li represented in Fijr. 
3G5, and a. current of clectritnty transinitlud tbrongh it, it i 
becomes a most powerful magnet 

Kleitro-magncta of this character have been formed cnpa- j 
ble of supporting moro than a ton weight. Tiio majn' 
iwor tlius developed is wholly dependent upon tho 
>ice of the current, and th; moment it ceases the weights 
-■ay by the action of gravity. 
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Ras electro* 
magnetic force 
been applied 
to any prac- 
tical purpose 
for propelling 
xnachin^? 



If two semicircalar rings of soft iron be passed within a 
helical ring, as is represented in Fig. 366, they will hccome so 
strongly magnetic on passing the current of even a small 
battery, as to be separated with extreme difficulty. A rod 
of iron brought near to one of the extremities of a longitudinal 
helix, is not only attracted but lifted up into the center of the 
coil, where it remains suspended without contact or visible 
support, so long as the current continues in action. If the 
battery and helix be of sufficient size, a considerable weight 
may be suspended. In some experiments at the Smithsonian 
Institution at Washington, a few years since, a bar of ux)n 
weighing 80 pounds was raised and suspended in the air with- 
tut being in contact with any body. 

806. Many attempts have been made to 
take advantage of the enormous force gener- 
ated and destroyed, in an instant, by making 
or breaking an electric current, for propelling 
machinery, but thus far all efforts have failed 
to produce any practical results. 

One of the reasons why this power can not be used to advantage is, that 

tlf. rate at which the power diminishes as we recede from the contact point 

<i tho magnets, prevents our obtaining the full force of the magnets. Thus, 

magnet whose force in contact would be sufficient to raise 250 pounds, 
would exert a forco of only 90 pounds at the distance of 1-2 50th of an inch, 
and of only 40 pounds at the distance of l-50th of an inch. It is also found 
that notwithstanding the loss of power with distance, a still greater loss takes 
place with motion. The moment any magnetic body is moved in front of 
either a permanent or an electro-magnot, it loses power, and this loss mcreases 
very rapidly with the increase of velocity. This obstacle stopped the prog- 
ress of the very extensive researches of Professor Jacobi, after he had ex- 
pended upward of $120,000 granted him for his experiments by the Uber- 
aUty of the Russian government. 

SOT. The construction of the Morse mag-» 
netic telegraph depends upon the principle, 
that a current of electricity circulating about 
a bar of soft iron temporarily renders it a 
magnet. 

The construction and method of operating the Morse telegraph may be 
clearly understood by reference to Fig. 367. F and E are pieces of soft iron 
surrounded by coils of wire, which are connected at a and b with wires pro- 
ceeding fVom a galvanic battery. When a current is transmitted from a bat- 
tery located one, two, or three hundred miles distant, as the case may be, it 



Upon wh«t 
does the con- 
itruction of the 
Morse tele- 
graph depend ? 
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pMsee along the wire^ aod throogfa the coils* snirousding the pieces of nit 
iron, F and E, thereby coQTertiog tbem into magneta. . Above these ;Hecea 
of Bofl iroo ia a metallic bar, or lever, A, supported in ita center, and hiaviDg 
at one end the arm, D, and at the other a amall steel poin^ o. A ribbon of 
paper, p h, rolled on the cylinder, B, is drawn ^owlj and steadily oS bj a 
train oT clock-work, K, moved by Ibe action of the weight, P, on the cord, C 
This clock-work gives motion to two metal rollera, Q and H, between which 
the ribbon of paper passea, and which, turning in oppoeite direotions, draw 
tbe paper from the cylinder B. The roller H liaa a groove around its ciiciun- 
ference (not represeoted ia tbe ongrSiVing), above which tbe paper passea 
The steel point a of tbe lever A ia aJao directly opposite this groove. The 
spring, r, prevents tbe pcnnt from resting upon tbe paper wben the Kl»grapb 



Fio. 307. 




The manner in w)iich intelligence ia communicated by these arrangements 
ta as follows ; The pieces of soft iron, F and E, being rendered magnetic ty 
tho passage of a current of electricity tranamittcd from the battery through the 
coils of wire surrounding them, attract the metal arm D of the lever A. Tho 
end oftho lover at D being depressed, tho steel point o st the other eitremity 
la elevated and caused to press against the paper ribbonand indent it. When 
the current from tlio buttery is broken or intHPrupted, the pieces of soft iron 
F and B being no longer masnotic, cease to attract the arm D. The lever 
A is therefore drawn back to ita former position by the action of the spring r, 
and the steel point o ceases to indent the paper. By letting the current flow 

• Tlw« colls consist of Terj- fine copper wire, nonie tboutandi of feet tKing gengt. 
ally oontBlDid la Ibem. In this vbj ■ nugnet of amtiLI glie and gint poirer may b* 
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HOV TOKOf 

irires are nee- 
esaanr for 
vorking the 
Wfigni^? 



found the magnet for a longer or shorter time a dot. or a line ia made, and 
the telegraphic alphabet consists of a series of such marks.* 

Grove's battery (see Fig. 340) is generally used for working the telegraph, 
about thirty cups bemg required for a distance of 150 miles. These cups 
may be kept in one compact space, but operate the telegraph more success- 
ftiHy when distributed along the line. Such batteries will work for about two 
weeks without replenishing. 

Formerly two wires were required in telegraphing; one 

conveyed the current from the battery to the electro-magne^ 

at a (Ustance, through which it passed, and then returned by 

another wire back to the battery. At present but one wire is 

generally used. It was found that the earth itself might be 

made to perform the function of the returning wire. To effect this all that is 

necessary is that one short wire from the battery at one end of <* line, and 

BK>m the electro-magn^ at the other end, should be sunk into th? moist 

ifr ^RQ earth, and there connected with a 

mass of conducting metal, from 
which the electricity passes to 
complete the closed circuit 

For interrupting the 
current and regulating 
the system of dots and 
lines, an instrument call- 
ed the Signal-key, or, 
Break-piece, F\^, 368, 
is employed. This is 
placed near the battery, so as to be in the galvanic cir- 
cuit. The operator, by pr^ssijjg down the knob with the 
finger, closes the circuit and allows the current to pass, but 
when the pressure is removed communication is interrupted 

* The following table exhibits the signs employed to represent letters in the Mors* 
sjstem of telegraphing: 



NUMERALS. 

4 

6 






ALPHABET. 


n 


a 


0- - 


6 


p 


e — - 


q 


d 


r- -- 


«- 


« 


/ 


• t 


L— 


u 

^1 ._ ^ 


i — 


10 


i—. ' 


a 


I/-- -- 


I — ^ 


z 



Experiaooed operatora. axe often able to nndexstand the xoessage merely from the soands, 
or elieki, of tlM lerer. 
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What is the 808. In what is known as the " Bain," or 
Sr''cheiSi<ii chemical telegraph, there is no magnet created, 
telegraph? ^^^ ^ Small stccl wirc, connected with the 
wire from the line, presses upon a roll of paper, moved 
by clock-work. This paper, before being coiled on the 
roller, has been dipped in a nearly colorless chemical solu- 
tion, which becomes colored when an electric current passes 
through it. By sending a current through the wire rest- 
ing on the paper, we can stain it, as it were, in dots and 
lines in the same manner as the last instrument em- 
bossed it in dots and lines. 

809. The House's, or printing telegraph, 
prirting tele- differs from the others principally in an ar- 
*^^ rangement whereby the message as transmitted 

is printed in ordinary letters, at the rate of two or three 
hundred a minute. 

What was the 810. Thc mcthod first proposed for com- 
mettlod^pro- Hiunicating intclHgenee by electricity was by 
^^^^ deflecting a compass needle by causing a cur- 

rent to pass along its length. 

Thus, if at a given point we place a galvanic battery, and at a hundred 
miles from it there is fixed a compass needle, between a wire brought from, 
and another returning to the battery, the needle will remain true to its polar 
direction so long as the wires are free from the excited battery ; but the mo- 
ment connection is made, the needle is thrown at right angles to iho direc- 
tion of the current. The motion of^the'needle may thus be made to convey 
intelligence. 

It is necessary, in conveying the wires from point to point, to support them 

on the poles by glass or earthen cj linders, in order to insure insulation, 

otherwise the electricity would pass down a damp pole to the earth, and be 

lost. 

. 811. The idea that many persons have, that some substanoo 

cipie or influ- passes along the telegraphic wires when intelligence is trans- 

ence pass along mjtted, is whoUv erroneous : the word current, as somethinjr 

the wires when . ' /.,.,, , , 

a message is flowmg, expresses a false idea, but we have no other term to 

communicated ? express electrical progression. We may, however, gain some 
idea of what really takes place, and of the nature of the influence transmitted, 
by remembering that the earth and all substances aie reservoirs of electricity; 
and if wp disturb this electricity at any given point, as at Washington, its pulsa- 
tions may be ft;lt at New York. Suppose the telegraphic wire a tube extend- 
ing from Washington to New York perfectly filled with water; now, if one 
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drop more is forced into the tube at Washington, a drop must &I1 out at 
New York, but no drop is caused to pass from Washington to New York, 
Sometliiog like this occurs in the transmission of electricity. 

^^^ 812. Electricity, through an electro-mag^ 

be n*ade to nctic arrangement, can be made available for 

the measurement of time, and by its agency a 

great number of clocks can be kept in a state of unitbrm 

correctness. 

The plan by which this is accomplished is substantially as follows : — A bat* 

tory being connected with a principal clock, which is iiself connected by 

means of wires with any number of clocks arranged at a distance from eadi 

other, has the current regularly and continually broken by the beating of the 

pendulum. This interruption is also experienced by all the clocks includea 

in the circuit; and in accordance with this breaking aud making of contact, 

the indicators or hands of the clock move over the dial at a constantly unifonn 

rate. 

813. The fundamental law of action in frictional electricity 

action of eiecJ ^ ^^^* bodies charged with like electricities at rest repel, and 
trieal currents with unlike, attract each other. With electricity in motion 
9S& f ^^ ^^® ^^^ ^ somewhat different, since currents of the same 
electricity moving in the same direction attract each other. 
Tbe general law of this action may be stated as follows : 

What is tiie ^^ electric currents flow in wires parallel to 
gmerai lair of each othcr, and have freedom of motion, the 

uda action ? ^ ^ 

wires are immediately disturbed. If the cur- 
rents are moving in the same direction, the wires attract 
each other; if they are moving in opposite directions, 
they repel each other : or, like Currents attract, and un- 
like repeL 

Htwrmayahe- 814. When tho wircs couuecting the positive 
S iSSoTma^ aod negative poles of a galvanic battery in ac- 
netie needle? ^{^^ ^^q coilcd in the form of a helix,'the helix 

becomes possessed of magnetic properties. If such a 
helix be suspended in a horizontal plane, it points, as a 
magnetic needle would, north and south ; if it is sus- 
pended so as to move in a vertical plane, it acts as a dip- 
ping needle. 

If two helices carrying currents are presented to each other, they attract 
snd repel, precisely as if they were magnets, according as like or unlike poles 
are brought together. And, in short, all the properties of the ma^etic needla 
may be imitated by a helix carrying a current 
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_. . , 816. From tbsae, and other like phenomena, U. Ampm* 

pan'a tbeorr hn propounded a tbeoiy nbich accounts for nearly all tbe 
oinugneUHnr phenomena of terreatrU! magnetisitu 

He Buppcaes thai all magattic ptieaomena are the result of tbe circula^oo 
of electrical currents. Every molecule of a magnet is oonwdered to be bw- 
rounded with an atmoaplierti of electricity, nbich is constantly t^rculating 
around it, thi> diOercnce between a magnet and a mere bar of iron being, thai 
the electricity which exists equally Id the iron, is at rest, whereas in the m^ 
net it is in motion. Tbe direction of these curreuts circulaUng in > mi^at 
ia dependent upon the position in which tbe magnet is beld. If the oppo»M 
or unlilio polea of two magnets be placed end to end, the electric currents of 
each will be found running the same way, and as currents moving in the same 
direction attract each other, the two poles will tend to come t^^tber. On 
the contrary, if the ends of like poles be presented, the course of the currents 
traversing each will be in opposite diroctions, and a repulsion wiQ result. 

wtT doa ft A magaetic needle tends to arrange itself 
S^nd''to''n^ at right angles with a wire traQBtnitting an. 
ri^b^^'^S electric current, in order to bring the numer- 
• currenif ^^^jg currtjuts circulating around its particles 
parallel with that of the wire. ■ 

The magnetism of the earth is also explained by this theory 
migiietiain of on the same principles. If we laka a metal ring and warm 
'iS *^i!^ m' '' ^' °°^ P°i"t only by a spirrt-lamp, no electrical effect en- 
Uwoty! sues ; but if the lamp is moved an electric current runs rouno 

the ring in the direction tbe lamp has taken. In a like man- 
ner, currents of electricity are known to be excited and kept in motion around 
the earth, by the sun, which heals in turn Bucoesaive portiooa of its surfiwe. 
They flow round it from east to west in a direction at right angles with a line 
joining the magnetic polea. A magnetic needle, tlierefore, points north and 
south, because that ]xia!tion is the one in which the el ' 
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parallel to those of the earth, and 
this is Iho position, as has just 
been explained, that electric cui^ 
rents tend always to assume. 

Fig. 3G9 represents an artificial 
glol>e, surrounded by a coil of in- 
sulated wire, surmounted by • 
magnetic needle. The needle will 
alivaj-3 point to the north prfe of 
tlie globe, OQ transmitting the bat- 
tery current 

Tbe dip of the needle may be 
also readily accounted for in the 
same manner. At the polar re- 
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gkmB it dipe vertically down in order that its carrents maj be panjiel with 
those of the earth ; for in those regions the sun performs his daily motion in 
circles parallel to the horizon. At the equator, the course of the sun is 
nearly at right angles to the horizon, and the needle maintains a horizontal 
position. 

What is Mag- ^^^' ^^ ^^ electiic current passing round 
neio-eiectricity? ^j^^ extcrior of a bar of soft iron induces mag- 
netism in it, so on the contrary, a magnetized bar is able 
to generate an electric current in a conducting wire sur- 
rounding it. 

Electricity thus produced by the agency of a magnet is 
called Magneto-electricity. 

This may be shown by introducing one of the 
poles of a powerfol bar magnet within a helix of 
fine insulated wire (see Fig. 370), the ends of 
which are connected with a delicate galvan- 
ometer. The deflection of the needle will indi- 
cate the flow of an electric current every time the 
magnet enters or leaves the coil — the direction 
of the current changing with the poles entered. 
The same results will be obtained, if instead 
of introducing and removing a permanent steel 
magnet, we continually change the polarity of % 
soft; iron bar. Thus, in Fig. 371, let o 6 be a bar 
of soft iron surrounding a helix, and N E S » 
horse-shoe magnet so arranged that it can revolve 
fteely on a pivot at c, the poles m their revolution just passing by the termina»- 
tionsofti[iebara6. On causing the magnet to re- 
volva, t^e polarity of the bar a 6 will be reversed 
with every half revolution the magnet makes, and 
this reversal of polarity will generate electric cur- 
rents in the wire. 

To instruments constructed on 
these principles the name of mag- 
neto-electric machines is given. 
c«.aneeiec 817. Wbencvcr au 

SSe^'SSSlr*?' electric current flows 

througha wire it excites another current in an 
opposite direction, in a second wire held near to and 
parallel with it. Its duration, however, is only momentary. 
Qxi stopping the primary current, induction again takes 
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jdaoe in the secoiidarj wire ; but tbe onrrenl now aiyi^ 
has the same direction as tbe primary one. 

The paange of an electrical cairen^ tberefi)re^ davelopB other eaxna^ fat 
its neighborhood, whidi flow in the oppoelte direction as the pdmaiy one 
fiiBt acta^ bat in the same direction as it ooa s c a Whene? er a magiwrt, aho^ 
is nio?ed in tbe neig^boriiood of a oondncting wire^ these o n nne u tB am akNi 
Induced. 

818. Hagneto-electrio machinen^ ananged tar dereloiiioi^ 
dectridtjr by the reaction of a magnet^ are oonstmcted in a 
great yarietf of fotms. In some, permanoit steel magnets an 
used ; in othen^ temporeiy soft iron ooee^ Unxight into ac- 
tivity hf a galrai^ omreot A obmmon ibnh of magneto* 
electric madiine is r o pr o s on ted in Fig. 872. 

It consists of a oompoand lion» 

Aoe nu^^net^ S^ Fig. d^t, betted 

^gj to a mahqgaiqr stand, anrsnged in 

WjM^ _^_^ sadi a manner ttuit an electio- 

ol i|f /~^ magneti or armature^ A B^ moonl- 

n V I ed on an azi^ levdyes in front ot 

IJ^^^^^^^^^^^^XV its poles, bjr tamlDg a moltiy^ilyiiig 

Jll^^l^^BBIi^HKjKV wheel, W. This electro-magnet, 

or armatore^ consists of two cores 
of soft iron wonnd about with fine 
insolated copper wire. The ends 
of the wire hi these coils are kept 
pressed, by means of q)nngiB^ 
against a good coDducting metal plate, which in turn is connected bj wires 
with the screw-caps at the end of the base board. AVlien tbe iron cores, or 
ascs of the coils are in fix)nt of the poles of tlio magnet, they become mag- 
netic by induction. This sets in motion the nntiirol electricity of the coil, or 
helices, which flows in a certain direction, and is conveyed through the 
springs and wires to the screw-caps. 

If the armature be turned half round, the magnetism of thoiron is reversed, 
and a second current is excited in the opposite direction. 

By turning the armature very rapidly, a constant current 
passes through the wires, and by connecting a small piece of 
platinum wire in the circuit, it is rapidly rendered red hot. 
By conveying connecting wires from the magneto-electric 
machine into acidulated water, its decomposition is effected; 
and many chemical compounds may in like manner bo resolved into their 
ultimate constituents : machines also of this character may bo used for electro- 
plating. 

The effects of electricity thus generated on the human system are peculiar. 
If the two handles connected with the screw-caps of the machine are grasped 
hf tiie hands, slightly moistened, and the armature is made to revolve rap- 
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icQj, the nrasdes are closed so firmly, that the handles can rot be dropped, 
and most powerful convulsive shocks are sent through the arms and body. 

What isadu- 319- I* ^^^ ^^^^ demonstrated by Professor 
magneticbody? Faraday that bodies, not in themselves mag- 
netic, may, when placed under certain physical conditions, 
be repelled by sufficiently powerful electro-magnets. Such 
substances have been termed diamagnetic, and the phe- 
nomena developed have received the general name of dia- 
magnetism. 

Bodies that are magnetic are attracted by the poles of 
a magnet ; bodies that are diamagnetic are repelled by 
the poles of a magnet. Magnetism may be regarded as 
an attractive force, diamagnetism as a repelling one. 

Thus, if a bar of iron is suspended free to move in -pjot. 373. 

any direction, between the poles, N S, of a magnet, 
Fig. 373, the bar will arrange itself along a line 
which will unite the two poles ; it places itself in the 
axial line, or along the line of force. Such is the con- 
dition of a magnetic body. If a substance of the diamagnetic dass is placed 
_ ^ . in the same situation— as, for example, a bar of bis- 

* muth— between the poles, N S, Fig. '374, it places it- 

self across, or at right angles to the axial line, or the 
line of force. 

Every substance in nature is in one or the other of 
these conditions. "It is a curious sight," says Dr. 
Faraday, " to see a piece of wood, or of beef, or an apple, or a bottle of water 
repelled by a magnet ; or taking the leaf of a tree, and hanging it up between 
the poles, to observe it taking an equatorial position." 





19* 



« • a < 



INDEX. 



▲bsrration, spherical, what is, 329 
Abutment, what is an, 120 
Aeonstics, 188 

Acoustic figures, what are, 189 
Actinism, what is, 343, 344 
Action and Reaction, 66 

illustrations of, 66 
laws o^ 66 
Action, voltaic, how interrupted and re- 
newed, 403 
Adhesion defined, 29 
what is, 25 
Aeriform bodies, how exert pressure, 174 
Aerolites, constitution of, 289 

what are, 283 
Affinity defined, 25 
Aim, philosophy of taking, 295 
Air, compressibility of, 164 

capacity of, for moisture, 268 

constituents of, 163 

density of, 165 

elasticity of, 165 

fresh, how much required for a healthy 

man, 261 
heated, why rises, 261 
how heated, 218 
in spring, why chilly, 246 
in water, 180 
inertia of, 164 
momentum of, 187 

illustrations of, 187 
not necessary for the production of 

sound, 191 
weight of, 168 
when rarefied, 166 
when said to be saturated, 268 
why unwholesome after having been 

respired, 260 
pump, construction of, 176, 177 
Alphabet, telegraphic, 436 
Anemometer, 282 
Angle, defined, 71 

of incidence and reflection, 71 
Animals foretell changes in weather, 292 
Annealing described, '27 
Aqueducts, construction of, 134 
Arch, base of, 12U 

springing of, 120 
strength of, 120 
what is an, 120 

why stronger than a horizontal stn\ct- 
ure, 120 



Archimedes, experiment with the crown, 44 

screw of, 189 
Architraye, 121 
Architecture, 119 

orders in, 120 

origin of different styles of, 
119 
Armature of a magnet, 423 
Artillery, effective distance ot, 77 
Artesian wells, 135 
Astatic needle, what is an, 430 
Atmosphere, composition of, 163 

effect of, on diffusion of light, 

302 
how heated, 226 
pressure of, 168 
supposed height of, 173 
what is, 163 
Atmospheric electricity, 391 

pressure, effects of, 174, 175 
how sustained, 179 
refraction, 314 
Atom, what is an, 13 

Attraction at insensible distances illustrat- 
ed, 22 
cohesive, 25 

how varies, 25 
illustration of simple, 18 
molecular, four kinds of, 24 
mutual, illustrations of, 30 
what is, 17 
Aurora borealis, cause of, 396 

no influence on the weather, 891 
Auroras, not local, 397 

peculiarities of, 897 
Avoirdupois weight, 34 
Axis of a body, what is an, 83 
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Balusters, 121 

Balance, ordinary, described, 97 

torsion, 882 

when indicates false weights, 98 
Ballast, use of, in vessels, 139 
Balls, cannon, velocity of, 76 
Balloons, varieties of, 186 

what are, 186 
Balloon, why arises, 43 
Barker's null, 157 
Barometer, how invented, 169-171 
how constructed, 171 
aneroid, 172 
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Barometer, irater, ITS 
wheel, 171 
bow indicates weather ehangea, 

173 
how used for meaBoring heights, 
173 
Batteries, thermo-electric, 417 
Battery, Daniell's, 407 

gdvanic, 401 
rove^u galvanic, construction of, 
4U0 
imperfections of, 407 
luminous effects of, 410 
8mee*s golvauic, 40t> 
sulphate of copper, 400 
trough, described, 4U5 
Beam, rectangular, strength of, IIG 

bent ill the middle, why liable to 

break, 119 
or bar, when the strongest, 115 
Bellows, hydrostatic, 129 
Bells, electrical, 3S5 
Belts, motion communicated by, 101 
Billiards, principles of the game of, 72 
Blanket, utility of the nap of, 219 
Blower, use of, 26i 

Boats, life, how prevented from sinking, 147 
Bodies, form of, how dependent on heat, 2f-/8 
form of, how changed by centrifu- 
gal force, 83 
falling, laws of, 55 

force and velocity depend on 
what, 54 
lighter than water, specific gravity, 

how determined, 39 
non-1 uuiinous, when rendered visi- 
ble, 301 
when heavy and light, 33 
when transparent, 294 
when luminous, '294 
when appear white, 301 
when solid, liquid, or gaseous, 24 
when float in air, 1S5 
Body, what is a, 1 1 

when called hot, 200 

size of, how affects its strength, 115 

when stands most firmly, 50 

when rolls, and when slides down a 

slope, 51 
where will have no weight, 33 
Boiling-point, depends on what, 241 

influence of atmospheric pres- 
sure on, 242 
Boiler-flue, 253 

Boilers, steam, how constructed, 250 
essentials of, 257 
locomotive, liow constructed, 253 
Bones of men and animals, why cylindri- 
cal, 118 
Boxes of a pump, 181 
Breath, why visiblo in winter, 274 
Breathing, mechanical operation of, 181 
Breezes, land and sea, ?84 
Bridge, Britannia tubular, 118, 119 
Brittleness, what is, 27 
Bubble, soap, why rises in the air, 43 
Buckets of wheels, 150 
Building, strength of a, on what depends, 119 
Buildings, how warmed and ventilated, 260 
Buoyancy, what is, 138 
Burning-glasses, 209 



Caloric, what Is, 206 
Camera obscura, 347 

portable, 3(K) 
Canals, how constructed, 137 

locks in, 137 
Cannon bursting by firing, 28 

varieties of, 77 
Capillary Attraction, i5, 143 

illustrated, 143 
Capstan, construction of, 100 
Car axles, why liable to break, 28 
Carriage, high, liable to be overturned, 50 
Cask, tight, liquids will not flow from, 179 
Catoptrics, 31 i 
Cellars, cool in summer, warm in winter, 

why, 2-0 
Center of gravity in irregular bodies how 

found, 43 
when at rest, 46 
in what three ways sup- 
ported, 47 
Centripetal Force, 79 
Chamxxagne, why sparkles,'181 
Charcoal marks, why stick to a wall, 25 

why black, 301 
Chemistry, definition of, 9 
Children, why difficult, to learn to walk, 53 
Chimney, draught of, 2C2 

how constructed, 262 
how quickens ascent of hot air, 
203 
Chimneys, when smoke, 262 
Chord in music, 190 
Chain-pump, construction of, 160 
Climate, what is, 2G7 
Circuit, galvanic, 401 
Clock, common, described, 53 
water, principle of, 151 
Clocks, why go faster iu winter than in ram* 

mer, CO 
Clothing, when warm and when cool, 220 
Clouds, average height of, 274 
cirrus, 275 
cumulus, 275 
how differ from fog, 273 
how formed, 274 
nimbus, 277 
stratus, 277 
variety of, 275 
what are, 273 

why appear red at sunset, 337 
why float in the atmosphere, 274 
Coals, mechanical force of, 251 
Coal, equivalent to active power of man, 251 
Cogs on wheels, 101 
Cohesio.i defined, 25 
Cold, greatest artificial, 211 
natural, 211 
what is, 200 
Color and music, analogy between, 338 
Color, no eff.'ct on radiation of heat, 223 

origin of, 320 
Colors, complementary, "31 

dark, absorb any heat, 225 

how affect their relative appearance, 

332 
of natural objects on what depenct 

330 
simple, what are, 339 
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height oi; how measured, 121 
what is a, 121 
, mariner's, 424 
ordinary, 424 
when discovered, 426 
sibilitj, what is, 16 
in luusic, 196 
ition, what is, 238 
on of heat, 216 
)n of lieat, ^16 

strength of, on what depends, 113 
J floats upon water, 43 
rhat is the, 349 
s torsion balance, 382 
> destitute of rain, 279 
;, sound of, how produced, 204 
irliat are, 105 
fined, 110 

rhj rises upon milk, 147 
rhat is, 205 

operation and principle of, 175 
, electric, how exert their influence, 

I, strength of, 118 



lotypes, how formed, 345 

it explained, 112 

on of needle, 426 

what is, 15 

what is a, 105 

uinistances that influence the pro* 

notion of, 571 

s not fall, 271 

noniena and production of, 270 

»n deposited most freely, 271 

), why globular, 30 

it, 270 

not constant, 270 
3tic phenomena, 441 
etism, 441 
318 

, line of, 49 
n music, 106 
)n, 242 
ty, 13 

ng, what is, 117, 118 
, principles of, 152 
of chimney, 262 
black, optical effect of, 883 
escription of medicine by, unsafe, 

what is, 26 
r we free our clothes of by agita- 
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j'-uction of, 201, 203 

dies upon, why not rnsh together, 

30 

use of prc'^ent form of, 83 

ntripetal force at equator of, 83 

•w proved to be in motion, 84 

e physical features of, how affect 

winds, 282 

e reservoir of eleetrldty, 8T6 



Earth, tel^raphle eommmii«atkm thro«|^ 

Earth* s attraction, law ot, 82 

Ebullition, what is, 241 

Echo, conditions for the prodnctiosi cit 198 

what is, 197 
Echoes, when multiplied, 1S8 

where most frequent, 1€8 
Egg-shell, application ot the principle of the 

arch in, liO 
Elastic bodies, results of collision of, 68 
Elasticity defined, 22 
Eel, electrical, 391 
Electric attraction, TTO 

currents, how exert their inflnenoeu 

429 
fluid non -luminous, 887 
light, 410 
repulsion, 870 
shock, 383 

spark, duration of, 888 
Electrical battery, 884 
induction, 377 
machines, 878 
Electricity a source of heat, 212 
atmospheric, 891 
conductors and non-otmdneton 

of, 273 
Du Fay's theory of, 271 
Franklin'8 theory of, 271 
effect of on a conductor, 886 
experiments of Franklin with, 

392 
frictional, distinctive character 

of, 407 
galvanic, how excited, 4C1 

how differs ft-om ordi- 
nary, 800 
how ciscovered, 8S8 
quantity of, what is, 

408 
theory of, 402 
intensity of, what la 

408 
what is, 888 
how evolves heat, 409 
how excit«d, 369 
how exerts a magnetic force, 431 
influence on the form of bodieiL 

376 
kinds of, 870 
magneto, 437, 488 
of vital action, 891 
positive and negaUve, 278 
quantity necessary fordeoomriw 

sition, 412 
real character of unknown, 408 
secondary currents, 437 
thermo, what is, 416 
velocity of, how determined, 880 
what is, 360 

where resides in bodies, 875 
Electro-magnetism, 429 

magnets, how formed, 438 
what are, 488 
Electrometer, 381 
Electro-metallurgy, 413 
Electrophorus, 380 
Electroscope, 381 
Electrotyping, 413 
Electrodes, what are, 418 
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whfttta, m - 
gqwnflirinm todMbrent, 48 

Iftw of, tn aH ■MflUMt, 98 

■teble,48 

mMteUOfO 

what is, 48 
EciataMotial itorm, 881 
Eirq^ratloiii, 888 

oiroamMUitab laflwMtaig, 888 

inflaenee of tttapttratan Wk 
840 
ICzoamoae, what is, 148 
Expanslbllitf, what la, 18 

^^^ ffloatratioaa of; 18 
Kapanilloii by hoat, 888 

how noMored, 888 
id7e,84r 

how jodgefe of risB and dialaiioe, 864 
how noTod, 848 
optic azb of; 868 
Btractare of in man, 848 



Fagado of a bnildlng, 121 

Far-Bightedness, cause of, 862 

Feather attracts the earth, 32 

Fibrous substances non-condnctcmi of heat, 

219 
Filtration defined, 19 
Fire, what is, 209 

Fishes, structure of the body of,. 164 
Flame, what is, 209 
Flexibility, what is, 26 
Flies, how walk upon ceilings, 178 
Floating bodies, laws of, 188 
Fluid, electric, 403 
Fluids, what are, 24 
Fly-wheel, use of, 17 
Focus, what is a, 322 
Form of bodies dependent on htat, 228 
Fordng-pnmp, construction of, 183 
Force defined, 81 

accumulation of, 87 
internal, 22 
magnetic, 418 
molecular, 22 
real nature of, 21 
Forces, great, of nature, 21 
electro-motive, 401 
Fountains, ornamental, principle of con- 
struction of, 136 
Friction, 112 

advantages of, 118 
how diminished, 118 
kinds of, 112 
roUing, 112 
aiiding, 118 
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Galnniflm, 88B 

Qalvanio aetloi^ hew i 
1»tt«7»40l 

hnatUr fiitwila of iW 
pMddciflal aiMi <t 

CMvaoometer, 480 

Oamat, the, 188 

Oai, how dfCani froBim Bqpli, M 

what la, 88 
Gases, how expaiiibtir1iaali|.88i 

■pecifhs gravify, how defe. 
GaieoaB Dodiea, prqperttea of; 88 
Gaeometera, oonatmeUpa 9t, 1T8 
Gean, In wheel woik, 101 
Gkaa, opexh, 866 
Gteasea, ann, 808 
Glottia, what is the, 868 
Glne, why adherive, 85 
Grain weight, origin «f; 84 

beiungir pMtMii ooa«tnille« ^ il|i. 
stems of; 118 
Gravitation, attraotloa etf; how wuiea, 88 
d^Md,80 
terrestrial, 88 
Gravity, action of, on a fUHi^ body, 66 
center of, 45 
specific, 87 
Green wood, unprofitable to bum, 866 
Grindstones, how broken by oentrifiigsl 

force, 80 
Guage, barometer, 259 
steam, 259 
rain, 277 
Gun, essential properties of, 76 
Gunpowder, effisetiv^ limit of the finee o4 
77 
force of 76 
Gurgle of h bottle explained, Idd 
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Hail, what is, 280 ^ 

storms, where most freqaent, xBH 

stones, formation o^ 2S1 
Halos, what are, 336 
Hardness, what is, 26' 
Hearing, conditions for distinctness fat, 800 

range of human, 803 
Heat, 206 

how diffuses itself, 206 

how measured, 206 

distinguishing diaracteiiatie of, 806 

nature of, 207 

theory, of, 207, 808 . 

and light, reUttionshetweeai 808 

devoid «f weight, 808 
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Hflftt, sources of , 800 

inflaenoe extanis heir &r into the 
emrtb, 811 

of chemical actioa, 818 

greatest artificial, 818 

derived from mechanical aotlSD, 813 

latent, 818 

sensible, 818 

of vital action, 814 

of friction, 814 

conductors and non-coiid«ctsn of, 216 

radiation of, 816 

communication ci, 816 

oond acting power of bodies, how di- 
minished, 218 

good radiators of, 888 

bow propagated, 223 

Telocity of, 228 

bow reflected, 824 

rays of, what is mesat bjr, 824 

absorption of, 826 

expassiou by, 288 

bow transmitted through different 
substances, 826 

effects of, 227 

solar, compound nature of, 827 

force of expansion of, 829 

expansion ef^ practical illustrations 
of, 229 

latent, when rendered sensible, 246 

capacity for, 247 

quanti^ of, different in all bodies, 847 

specific, 247 
Helix, construction of, 438 
Horse power defined, 88 
Houses, haunted, explanation of, 200 
Humidity, absolute and relative, 268 
Hurricane, what is a, 285 
Hurricanes, where most frequent, 866 
space traversed by, 286 
velocity of, 286 
HydrauHes, 148 

Hydraulic engines, cause of theloss of power 
in, 158, 159 
ram, construction of, 161, 168 
Hydrometer, what is a, 141 

uses of, 141 
Hydrostatics, 123 

Hydrostatic press, construction of, 186, 187 
Hydro-extractor, 80 
Hygrometer, how constructed, 969 



loe, origin of bubbles in, 8M 

heat in, 806 
Images, when distorted in mirrers, 803 
Impenetrability, 12 

illustrations of, 13 
Incidence, angle of, 71 
Inclined plane described, 106 

advantage gained by, 106 
Induction, magnetic, 421 
Inelastic bodies, results of collision of, 69 
Inertia, what is, 16 

examples of, 17 
Inkstand, pneumatic, 179 
Insects, how produce sound, 806 
Insulation, 374 
Intensity vn electfleity, w bat is, 468 



Iron, galvanized, wlwt li, 416 
how made bot, 966 
bow rendered magnetic by indtietSM, 

421 
ships, principle of flotetioo o^ 140 
soft, how magnetized, 421 
why stronger than wood, 99 



Kaleidoscope, ^oMtniottMiOf, 897 
Key-note, what is, 801 



Lakes, salt, origin of, 184 
Lamp-wide, how raises oil, 146 
Lantern, magic, what is, 867 
Larynx, description of, 206 
Laughing, what is, 205 
Law, physical, definition of a, 10 
Lens, achromatic, 328 
axis of, 881 
defined, 319 
focal distance of, 881 
Lenses, varieties of, 819 
Level, spirit, construction of, 187 

what is a, 53 . 
Lever, law of equilibrium of the, 94 
Levers, arms of, 93 

compound, 96 

disadvantages of, 97 
kinds of, 98 
what are, 93 
Leydenjar, 882 
Light, absorption of, 800 
analvsis of, 886 
chief sources of, 894 
corpuscular theory of, 898 
divergence of rays of, 896 
electric, 410 
good reflectors of, 801 
how analysed, 396 
how propagated, 895 
how refracted by ttie atmosphere^ 

314 
intensity of^ how raries, 807 
interference of, 839 
moves in straight lines, 896 
polarised, 841 
polarization of, 842 
ray of, what is, 895 
remction of, 818 
same quantity not reflMled at Ul 

angles, 305 
three principles contained in, 344 
undulatory theory of, 893 
velocity of, 298 

how calculated, 890 
vibrations of, 839 
waves o^ 339 
what is, 292 

when totally reflected, 816 
white, composition of, 386 
Lightning, identity of with electricity, 398 
mechanical eflSects of, 896 
rods, how oonstmotedj 894 
space protected by, 896 
wheft dMgtMtt, 895 
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Ughtaing, Tarletteflof. 888 

what is, 89i 
Line, rertlcalf 53 
Liquefaction, what is, 237 
Liquid at rest, ooadition of the sor^MK of a, 
133 
pressure of a column of, 128 
what is a, 23 
Hqnids, boiling point how changed, 2^ 
flowing from a reservoir, 149 
have no particular form, 23 
heat conducting power of, 217 
how cooled, 222 

move upon each other without fric- 
tion, 124 
pressure of, 125 

Ulustrated, 125 
why some froth, 180 
specific gravity how found, 39 
spheroidal state of, 240 
to what extent expanded by heat, 

229 
transmit pressure in all directions, 

125 
when do they wet a surface, 80 
Loadstone, what is a, 416, 417 
Locks, canal, how operated, 137 
Locomotive, efficacy depends on what, 29 
Looking-glasses, how formed, 303 
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Machine, what is a, 90 
Machines diminish force, 90 

do not produce power, 90 

how make additions to human 

power, 91 
how produce economy of time, 94 
motion in, takes place when, 92 
simple, 93 
Machinery, elements of, 93 

general advantage of, 92 
magnetic, 433 

when caught on a center, 112 
Magdeburg hemispheres, 177 
Magnet, rotation of a, 431 

when traverses, 419 
Magnets, artificial, 418 
horse-shoe, 420 
native, 417 

power of artificial, 423 
what are poles of, 418 
Magnetic induction, 421 
meridian, 425 
phenomena, how accounted for, 

423 
polarity, 419 

power of a body, where resides, 
421 
Magnetism, 417 

animal, what is, 41S 
electro, 429 

how excited by electricitv, 432 
how induced by the earth, 422 
why not available for propel- 
ling force, 433 
Magneto-electric machines, 438 
Magnifying glasses, 324 
Magnitude, 12 

center of, 45 



liaUeabiUty, what Is, 26 i 

examples of, 86 
Man, how exerts his greatest strength, 88 

estimated strength of, 88 
Mariotte's laws, what are, 166, 167 
Matter, cause of changes in, 21 
definition of, 11 
essential properties of, 12 
indestructible, 18 
not infinitely dirislble, 13 
smallest quantity visible to the eye, 
14 
Materials, strength of, 115 

npoTV wliat depend, 

Matting, how protects objects from frost, 

272 
Mechanical powers, 93 
Meniscus, 820 
Meridian, magnetic, 426 

of the earth defined, 86 
Metals, union of, how aflfects durability, 416 
Meteors, how differ from shooting stars, 288 
Meteorites, what are, 288 , 
Meteoric bodies, supposed origin of, 289 

phenomena, 288 
Meteorology, 266 
Microscope, compound, 861 
solar, 368 
what is a, 860 
Microscopes, varieties of, 361 
Milk, why cream rises upon, 147 
Mirage, 315 
Mirror, plane, how reflects light, 806 

what is a, 302 
Mirrors, burning, 308 
concave, 308 
convex, 311 
parallel, effect of, 306 
varieties of, 302 
Mississippi, does it flow up hill, 152 

quantity of water in, 152 
Mists and fogs, how occasioned, 273 
Moisture in air, how determined, 269- 
Molecule defined, 14 
Momentum, how calculated, 65 
what is, 64 
illustrations of, 64 
Monsoons, theory of, 283 
what are, 283 
Moon, influence of on weather, 291 
Motion, absolute and relative, 62 

accelerated and retarded, 63 
apparent, affected by distance, 359 
circular. Illustrations ot^ 78 
compound, 72 

illustrations, 72 
imparted to a body not inBtantap» 

ously, 65 
perpetual, in machinery, not possi* 

ble, 91 
perpetual, in nature, 91 

example of, 91 
reflected, what is, 71 
reversion of by belting, 101 
rotary, 111 
rectilinear. 111 
simple, illustrations of, 78 
uniform and variable, 63 
what is, 62 
when imperceptible to the eye* 860 
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, what is a, 118 

Ins, height of, how determined hj 

irometer, 173 

mts, vibratory, nature of, 183 

by flies from wheel of carriage, 79 

IT energy, how excited, 87 

wale in, 196 

lotes in, how indicated, 196 

soonds, 194 
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Philosophy, definition of, 9 
l^htedness, cause of, 352 
magnetic, 423 
dipping, 4*25 
diurnal variation of, 428 
magnetic, directive power of, how 

explained, 4i6 
variations, cause of, 428 
ausical, when in unison, 196 
n music, how indicated, 196 

O 

flepth of, 123 
extent of, 123 
in music, 195 
's discovery, 429 
w diminisb friction, 119 
bodies, 2H 
instruments, 360 
medium in, 312 
science of, 292 



of a steamboat, when most effect^ 
54 

dotting, why absorbs ink, 147 
a defined, 74 
c, hydrostatic, 126 
im, center of oscillation of a, 59 

compensating, 60 

described, 35 

iniluence of length on vibration 
of, 53 

length of a, seconds, CI 

times of vibration ot, 53 

compared, 63 

used as a standard for measure, 
61 
tive, what is, 356 
eters, construction of, 298 
, definition of, 10 
, what is a, 121 
architecture, 120 
niboai's, explained, 404 
Altaic, 404 

apidity of water discharged fW)m, 150 
ater, reiiuisite strength of, 134 
initig tower of, 49 
r tone, 195 
vital action of, 215 
n scales, 98 
:y, what is, 26 
line, 53 
itics, 163 
% magnetic, 419 



Poles, magnetio, where sltnated, 496 

.of galvanic battery, what are, 409 
Pop-gun, operation of, 107 
Pores, dcfiaed, 14 

evidence of the existence of, 16 
Porosity defined, 14 
Porter, why froths, 180 
Portico, what is a, 121 
Power, agents of iu nature, 87 

and resistance defined, 63 

and weight in machinery defined«99 

expended in work, how ascertained, 

8J 
mechanical effect of, how estimated, 

92 
moving, effect of, how expressed, 89 
space and time, how exchanged for, 
92 
Press, hydrostatic, 127 
Prism defined, 318 
Projectile, what is, 74 
Projectiles, laws of, 74 

range of, 75 
Propellers, advantage over paddle-wheelflL 
155 
construction of, 156 
Pugilists, blows of, when most severe, 60 
Pulley defined, 102 
kinds of, 102 
fixed, described, 102 
movable, 103 
Pulleys, advantage of, 104 
Pump, air, 177 

chain, 160 
common snction,181 

when invented, 160 
forcing, construction of, 183 
Vera's, 145 
Pyrometers, 233 



Quantity in electricity, what Is, 408 
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lUdiation of heat proceeds from all bodies, 

223 
Kain, what is, 277 

why falls in drops, 277 
formation of, on what depends, 277 
gnage, 277 

yearly estimated quantity of, 279 
where most abundant, 278 
Rain-bow, what is a, 333 
when seen, 335 
why semicircular, 385 
Ram, hydraulic, construction and opemttoa 

of, 161, 162 
Range in gunnery, 75 

greatest, when attained, 76 
Rays of heat, what meant by, 224 
Reflection, angle of, 71 
Reflector-j of heat, best, 226 
Refraction, index of, 316 
double, 340 

how accounted for, 81T 
RefHgerators, construction of, 221 
Regulators of steam-engines, 266 
Repulsion, what is, 29 
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Bofeo. ilre-]woof, how 
floodatoMi, whj ill odoptad for 

parpoMo,18B 
Baw-dost, utUitjr of ta pmowflag faOjOaO 
Sealet, hay and pUlform doMrfbed, 98 
ftaarflagandinfenloeld^ IIT 
SdMora, a Tarlety of lever, 94 
Serev, adTaatage gidaed bj, 109 
apiiliaaaoiui of; 109 
defined, 108 
eiidleee,110 
Honter'e, 110 
not of, 108 
of ArchlmedM, 109 
thread of; 109 
Serevr-Propeller, what is a, 165 
Sea, proximity to, mltigatea eoU, 908 
Shadow, what is a, 990 
Shadova, how inoreaee and dimtnidi, 997 
Shell, tea, cause of the sound heard in, 199 
Ships, copper sheathing of, how protected, 
416 
iron, why float, 140 
Shooting-stars, how accounted for, 290 
Short-sightedness, cause of, 352 
Shot, how manufactured, 30 
Silver, adulteration of, how detected, 43 
Simmering, what is, 241 
Skull, human, combines the principle of the 

arch, 120 
Smoke, why rises in the air, 43 

why ascends in chimney, 261 
rings, origin of, 18T 
Sneezing^ what is, 205 
Snow crystals, 280 

flake, composition of, 280 
how formed, 280 
line of perpetual, 248 
protective influence of against cold,220 
what is, 280 
floft, when is a body, 26 
Solar microscope, 368 
Solid, what is a, 23 
Solids, why easily lifted in water, 139 

specific gravity, how determined, 39 
Solution, what is a, 237 

how differs from a mixture, 237 
when saturated, 237 
Sound, conductors of, 192 

how decreases in intensity, 192 
how propagated, 190 
interference of waves of, 194 
loadness of, on what depends, 194 



Bowiidi nflaettoB qC i9T 
««kMilgr<l9t 
what fa, 188 



m 

whflDliminita,lM 

Bomida, miMlflal, 194 

att iMMpa aUka iw •■, tOI 
aeem loodar b7 oii^ Ikn b7«9^ 
191 

SiiaA, etoefcrie, 868 . 

Speaktag, Moaia aattaUa for, 901 

Speoifle gmvlly, 87 



■teadart for calfeHttiaLlI 
pmatioal kopBoalioaao^^ 

Spaelaciea, what Wb, tin 

SpeatniBi, aoiar, 996 

Spri Bga, lattfaitttiiM^ 185 

8pT-glaM| i^hat fa, 164 
StabOlty of bodfaa, d«p«ila'Mi *MI. « 
Stain are ladiaed plaaea, 107 
Stan, siiootlag, 989 

hek^itoi; 989 
Sted, bow fompered, 97 

how nagnetlaed, dtl 
Steel-yard deaerlbed, 97 
Steam, adTaotaMs^lHalfav b^, M6 

elastftJSMaol9l» 

•aperbesAed, 980. 

bifl^ presmiM, 9B0 

formed at all^ 

faage,9B9 
ow rendered nieral, 908 
pressure of, how Indfaated, 960 
true, invisible, 888 
when used expandvely, 285 
Sttwm-boilers, cause of exploBi<m Of, 98B 
wbisUe, 260 
engine, what is, %1 

condensing, 963 
constructioa of2988 
high pressure, 964 
r^olaton of, 266 
greatest amoant<»f work per- 
formed by, 951 
Stethoscope, construction oi; 199 
Still, construction of, 243 
Structure, influence of the parte on fha 

strength of a, 117 
Stone for architectural pnrpoMS, how se- 
lected, 122 
Stool, insulating, 380 
Stove, why snaps when heated, 280 
Stoves, how differ ftom open fire-pfaob, 961 
disadvantages of; 964 
why placed near the floor, 961 
Sublimation, what is, 243 
Sucker, the common, 175 
Suction, what is, 169 
Sugar, how refined, 2^ 

how absorbs water. 145 
Sun does not really rise and set, 84 
heat of, why greatest at noon, 910 
the greatest natural sonroe of heat, 961 
nature of the surihee oi; 910 
Surface defined, 12 

spherical, definition of a, 199 
jSyphon, what is a, 184 
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ttypbon, adioQ of, 184 
Syringe, princ^le oif^ 170 



Tackle and fall, what is a, 106 
Telegraph, atmospheric, 181 
Bain's, 436 
chemical, 436 
Hoase's, 436 
Morse's magnetic, 434 
printing, 436 
Tel^raphie method, the first proposed, 436 

wires, insulati(A of^ '436 
Telescope, equatorial, 963 
reflecting, 366 
refracting, 363 
what is a, 863 
Temperature, average, how found, 867 

{greatest Tiatnral ever obsenr- 

ed, 210 
in winter «nd svimner, clilfer- 

ence between, 210 
meaning of, 206 
varies with latitude, 967 
Tenacity, what is, 26 
Theory, physical, definition of a, 10 
Thermometer, 233 

how graduated, 234 
centigrade, 235 
mercurial, described, 234 
Reaumur, described, 236 
Thermometer-air, described, 236 
Thermo-electricity, what is, 416 
Thunder, cause of, 393 

storms, where most prevail, 394 
Tides,'' origin of, 32 

Taes, advantage of turning out in walk- 
ing, 50 
Tone in sound, 195 
Tongueing, what is, 117 
Tornadoes, how produced, 287 

what are, 287 
Torpedo, electrical effects of, 891 
Torricelli's invention, 169, 170 
Trade winds, cause of, 283 

direction of, 288 
Transparent bodies, 294 
Troy weight, 34 
Trumpet, ear, what is an, 200 

speaking, construction of, 199 
Tubes, capillary, height to which water 

rises in, 143 
Twilight, 314 
Twinkling, what is, 338 
Tjrmpannm of the ear, 202 



Tacnum, what is a, 168 
Valve, definition of, 182 

safety, 268 
Variation, lines of, 426 
Vapor, always present in air, 239 

appearance of, 238 
Vapors, elasticity of, 248 

formed at all temperatures, 238 
Vault, what is a, 120 
Velocity defined, 63 



Velocity of moving bddf/liovr d^tetmittaO, 

68 
Vena contracta, what is the, 160 
Ventilation, what is, 260 

when perfect, 260 
Vessels of liquid, pressure upon the bot- 
tom of, 131 
Vibrations of sound, nature of, 188, 189 
Views, dissolving, 368 
Vision, angle of, 854 

deceptions of, 867 
double, how produced, 864 
phenomena of, 847 
Vital action, 214 
Voice, compass of, 200 

how produced, 203 
organs of, 201 
Voltaic piles, 404 
Volume defined, 12 
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Walls, how deafened, 192 
Warming and ventilation, 260 
Warp and woof, 117 
Watch, how differs from a clock, 89 
Water as a motive power, 156 
boiled, why flat, 180 
boiling, temperature of, 241 
composition of, 123 
compressibility of, 124 
decomposition of, 412 
elasticity of, 124 
expands in freezing, 231 
force of expansion of in freezing, 289 
freezing temperature of, 232 
greatest capacitv of all bodies for 

heat, 248 
how high rises in a pump, 182 
how made hot, 221 
illuftta'ations of the pressure of, 130 
imparts no additional heat after boil- 
ing, 244 
inclination sufficient to give motion 

to, 152 
level, 136 
power defined, 88 
pressure at different depths, 131 

how calculated, 132 
sound of falling, how produced, 204 
spouts, what are, 287 
supply of towns, 134 
to what degree can be heated, 2^ 
velocity of in pipes, how retarded, 191 
when has its greatest density, 231 
why rises by suction, 169 
why rises in a pump, 182 
Waters, comparative purity of, 123 
Wave, a form, not a thing, 163 
Waves, height of, 153 

optical delusions of, 153 
origin of, 153 
of sound, 190 
Weather, popular opinions concerning, 291 
Wedge, what is a, IOC 

when used in the arts, 107 
how the power of increases, 107 
Weight, absolute, what is, 38 

how determined by spe- 
cific irravitv. 42 
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of a bodx, whmi g w atwt , 81 
Wd^iti and meaaarea, afanidarda <rfl 84 

Fnn^ i^atMD ot, deaerlbed, 36 

United Stataa ifcaiidard of, 86 
W«l(aB«daMrlbod,» 
WeH^mreep, old fiwhtoned, VS3 
WeUa, Arteidao, eomrtniotlon of^ 180 

origin of water In, 186 
Wet elothas, irhf injarkma, fiM 
Wheel and axln, aetton, ofW 
■pioniig; 101 

tourbine, advaiitagea of, lOS 
▼oric, compound, famUktr fflaetra- 

tiona oi, 101 
WheelB, breaat, ooutnwitim of, lff7 

eog,101 

OTershot, 167 

tonrUne, 108 

nndenhot, 106 

paddle, power loet 1^104 
WUxtwInda, Imiw prodaeed, fn 
WUatla, itoam, M8 



WliMh, whaftia a, 96 

Wbid, p rinc to al eanae all HI . 

what b, 281 
Wind-pipe, what Is the, 806 
WIndlaasdeacribed, 100 
Winda, fone of, how calwilatad, 888 
of Untied Statea, 885 
trade, 883 

▼ariaUe, where prevaSI, 884 
Tdodty ot, 881 
Wood, a bad eonduetor of heat, 818 

comparative Talno of for fad, 801 

hard, why difieult to l^iite, 884 

made wet, why iwaUi, 148 

snapping oA 18. 

water In, 800 . 

weightof, 866 
Wooda, when hard aad vhea aeft, 80 
Wo liana, why need lor elotldaB, U9 
Woof. of doth, UT 
Work of dlllnmt fHraaa, ataadaid «f aMu 
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best Dictionaries in use. 

Morft than TEN times as many are sold of Wbbster^s Dictionaries as of 
any other series in this country, and they are much more extensively used 
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Standard Text-books. 

** Tits gratifying- to obser7ie the perfection to which tkis/imt hat attained 
in the manufacture of School BooAs^ as also the nteritedluccess of their 
books^ for they are ^obably the most widely used of any similar publica- 
tions issued in this country. All are standard and unsurpassed, and 
deservedly stand in the front rank^ 

Thb justly-popular Series of Text-Books is noted for its freshness, com- 
pleteness, admirkble gradation, and the beauty and substantial nature of 
Its manufacture. It comprises a full and thorough course of study, Irom 
the simplest Primer to the most advanced Mathematical andScientificwork. 
Among which are : 

SANDERS* UNION READERS, 

AMERICAN EDUCATIONAL READERS, 
SWINTON'S WORD-BOOK SERIES, 
ROBINSON'S MATHEMATICS, 
KERL'S GRAMMARS, 

WEBSTER'S DICTIONARIES, 
GRAY'S BOTANIES, 
/ SPENCERIAN COPY-BOOKS, 
BRYANT & STRATTON'S BOOK-KEEPING. 
WILLSON'S HISTORIES, 

SWJNTON'S HISTORIES, 

FASQUELLE'S FRENCH COURSE, 

WOODBURY'S GERMAN COURSE, 
WELLS* SCIENCE, 

ELIOT & STORER'S CHEMISTRY, 
DANA'S GEOLOGY, 

SILLIMAN'S PHYS. AND CHEM. 

And many other well-kno'^n works. 

OuK New Illustrated «7a«taiogue, descriptive of the American Educa- 
tional Series, comprising the titles of nearly tnree hundred works in almost 
every branch of educational literature, will be mailed tree to any address, 
or presented gratuitously on application. Teachers and school oracers will 
find it very valuable for reference, giving as it does a fuller description of 
each of our publications than can be touiiu elsewhere. 

*»♦ THE EDUCATIOXAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
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SwiNTON's Condensed U. S. 

A CONDENSED SCHOOL HISTORY OF THE UNITED STATES, \ 
constructed for definitive results in Recitation, and containing a new 
method of Topical Reviews. By William Swinton, A. M., Professor 
of History in the University of California, and author of " Campaigns 
of the Army of the Potomac," &c., &c. Illustrated with Maps ortraits, 
and other illustrations, z voL, cloth, 300 pages. Price $ By mail 

on receipt of price, 

1;^^ The success of this work is without a parallel. 

Jirom Rev. Edward Wall, Prtn. Stevens High School^ Hoboktn^ N. 7., 

Ifov. 6th^ 1871. 

" Swinton's Condensed School History of thi United Staies was adopted 
as one of the text-books of this school, soon after it was issued. The 
examination and approval which I gave, previous to its introduction, have 
been unanimously indorsed by the teachers of the grades in which it is 
used. The history bears traces, in every part, of that mastery of diction, 
of that practical acquaintance with the work of instruction, and of those 
studies in history, with which the name of Mr. Swinton has been associated." 

From Hon. Samuel Fallows, Statt Supt, Public Instruction^ Wis. 

*• I have examined with g^eat care and interest, Swinton's Condensed 
History 0/ the United States. I find it a book written for use and not for 
show. 

" It is one of the most desirable text-books, for Common Schools, within 
my knowledge. 1 shall put my children to the study of the book as soon 
as they are eld enough." 

From Hon. Newton Bateman, Su^t. Schools^ Illinois. 

"I consider it a very timely and valuabb contribution towards the 
practical solution of that exceedingly difficult problem, 'How to teach 
United States history successfully in the public scnools.* " 

From Prof. Jas. E. Vose, Prin. Albany (Kansas ) ^ Seminary. 

" We welcome this book. It is a remarkable work. The pith and point 
of its style are delightful— short periods— brief paragraphs — no fine writing 
— no story-telling — no jumbling and confusion of events. This is the crown- 
ing excellence of the work — something that many of us have long sought 
in vain among the school histories. The work is evidently, as i*s a-ithor 
says, * the result of many vears' occupation in class-room recitation,' and 
most eminently is a book for class-room work." 
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